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Cover image:
A rendering of the Syracuse Center of Excellence designed by Toshiko Mori Architect working 
with Ashley McGraw Architects as the administrative architect and with 7group as an integrative 
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T
he act of building is by its very nature complex. 
Hundreds of linear processes must be completed 
in concert so that foundations can be poured, walls 

can rise, interiors can be fi tted out, and occupancy can 
occur. Though practice, materials, and technology im-
proved over time, our approach did not change much 
from when humans fi rst began constructing habitats. 
We built where we lived, with this simple concept im-
plied, and our structures were durable and beautiful 
and in harmony with their surroundings.

The Industrial Age changed all that. In the name 
of growth and alleged productivity, we picked places 
to build with little thought to that harmony; sited 
structures for aesthetics or economics; chose materi-
als for their cheapness or trendiness and used them 
carelessly in the construction process; tacked on sys-
tems that used too much energy or too much water; 
threw all our leftovers into the nearest landfi ll; and 
moved people into spaces that were uncomfortable at 
best, unhealthy all too often; and then moved on to the 
next project.

But fi fteen years ago, a group of leaders from ev-
ery sector of the building industry came together and 
said: ENOUGH. We are using too many of our fi nite 
resources too fast. We are building structures as if they 
are as disposable as yesterday’s newsprint. We are valu-
ing cents saved over our children’s health, not to men-
tion their future. ENOUGH.

Thus was born the green building movement, and 
the transformation of the built environment—to one 

that is healthier, more sustainable, and more respect-
ful of those who use the buildings—began. It is clear 
why: Buildings have a lifespan of fi fty to one hundred 
years, throughout which they continually consume 
energy, water, and natural resources, thereby generat-
ing signifi cant CO

2
 emissions, the biggest contributor 

to climate change. In fact, buildings are responsible 
for 39 percent of the United States’ CO

2
 emissions per 

year. Annually, buildings account for 40 percent of 
primary energy use in the United States; 72 percent of 
U.S. electricity consumption; 13.6 percent use of our 
potable water per year; and 40 percent use of raw ma-
terials globally.

It is also clear what we need to do to build sustain-
ably: Build so that we use less energy and less water 
and use fewer fi nite resources or fi gure out how to 
use more recycled resources. Build so that our choices 
deliver healthier solutions that respect the building’s 
occupants, not compromise them. Build with an eye 
to future savings not fi rst cost. Build smarter. Build so 
our children have a future.

What is still being formulated is how to do this: 
And this book, The Integrative Design Guide to Green 
Building: Redefi ning the Practice of Sustainability, is all 
about the how, specifi cally the how of integrative de-
sign. This fundamental change in the process of how 
we build buildings is the result of systems thinking, 
which—as the authors point out—has the potential 
to create buildings and places that (and people who) 
make the world a better, healthier place.

Foreword
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The U.S. Green Building Council’s LEED® Green 
Building Rating System™ serves as an essential, prov-
en tool for enabling this market transformation, and it 
works because it is founded on this principle of inte-
grative design. It promotes a whole-building approach 
to sustainability by recognizing performance in fi ve 
key areas: sustainable site development, water savings, 
energy effi ciency, materials and resources, and indoor 
environmental quality, with an additional category to 
recognize innovation. It has become the nationally 
accepted benchmark, because it provides a concise 
framework for best practices in high-performance 
green building design and operations.

Equally important is the independent, third-
party verifi cation that a building meets these high-
performance standards. This ensures that buildings 
are constructed as designed and that they perform as 
expected.

By every measure, green building is clearly an idea 
whose time is now. The USGBC tracks a host of metrics 
that give evidence of the rightness of the idea of sustain-
able design and construction, operations, and mainte-
nance: they are, for example, visible in the number of 
LEED registrations and LEED Accredited Professionals; 
the attendance at educational courses, in person or on-
line; the visits to our websites; and the growth in orga-
nizational membership, chapters, and volunteers.

But it is the committed, talented people behind 
those numbers that are making market transforma-

tion possible. The members of 7group and Bill Reed 
are examples writ large of the kind of leadership that 
is taking this idea of green building and forming it 
into reality by helping change minds, building prac-
tice, and design process. With this book, their individ-
ual and collective skills and experience in enhancing 
the design and building process are served up with 
thoughtful, practical guidance told through stories 
and examples that are at once illuminating and inspir-
ing. It has been my great privilege to know the prin-
cipals of 7group and Bill Reed individually through 
their many and important contributions to USGBC 
and to the advancement of green building practice 
and integrative thinking. I am grateful to have been 
part of this movement that continues to benefi t from 
their work.

We understand why green buildings matter: They 
save energy, reduce CO

2
 emissions, conserve water, im-

prove health, increase productivity, cost less to operate 
and maintain, and increasingly cost no more to build 
than conventional structures. It is in understanding 
how to work together by utilizing the principles of in-
tegrative design to build these structures well that we 
will be able to deliver on our vision of green buildings 
for everyone within a generation.

S. Rick Fedrizzi
President, CEO, and Founding Chair

U.S. Green Building Council
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T
his is a pragmatic book. There are many books on 
green design that describe the what of sustainabil-
ity—what to do, what to use, what to design, what 

to buy, what not to buy. In this book, we talk about 
how. How to make the best decisions, how to work with 
others to creatively address the issues of sustainability, 
how to address complex issues that threaten living sys-
tems, and how to be more and more deeply purpose-
ful in pursuing what is required of us to achieve these 
objectives.

How you do something is a process. This book is 
about redesigning the design process.

It is called the Integrative Design Process (IDP). 
It is not our idea. This practice has emerged from the 
fi eld of green and sustainable design as a natural re-
sponse to the wall that we all hit when we look only at 
green technologies, green products, and the “objects 
of design.” This book is based on our collective experi-
ence gained from how we’ve seen this process work, 
and its potential to create buildings, places, and people 
that contribute to making the world a better, healthier 
place.

The Integrative Design Process is how the most 
environmentally effective and cost-effective green 
buildings are achieved. Various rating systems such as 
LEED, BREEAM, and others are helpful tools, but they 
simply act as measures of how well we’ve incorporated 
deeper and deeper systems thinking processes through 

the course of design. Integrative systems design is what 
we do to get there—how we get there. Green buildings 
are the outcome.

In this book we defi ne Integrative Design as a dis-
covery process that optimizes—(i.e., makes the best 
use of, or creates synergy between)—the interrela-
tionships between all the elements and entities that 
are directly and indirectly associated with building 
projects in the service of effi cient and effective use of 
resources.

In addition to the conventional issues of building 
projects, this book takes the term integration literally 
and extends the identifi cation of the systems we are 
integrating to a conceptually “whole” system. A whole 
system includes everything—human, biotic, and earth 
systems and the consciousness that connects them: the 
Whole. To achieve the health of the Whole, we must 
ask ourselves how the process of building can be a 
catalyst for a discovery process that addresses the in-
terrelationships of all living and technical systems in 
the service of sustaining the health of all life. Hence, 
the idea of addressing interrelationships that extend 
well beyond our buildings and the boundaries of our 
construction sites is a thread that runs throughout the 
entire book in order to expand our scope into whole-
system integrative design.

We are intentionally very explicit about the use of 
the term “Integrative” Design instead of “Integrated” 

Introduction: The Integrative Design 
Guide to Green Building—Redefi ning the 
Practice of Sustainability
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Design. The latter term implies something that is past 
and completed; it implies that we’re done. The word 
integrative suggests an evolving process rather than a 
fi xed process. It implies that we’re never really done. 
As suggested in the larger context of achieving whole-
system integration, we have a long way to go before we 
are fully integrated.

We intend for this book to be used as a practice 
manual, or guide book, one with three basic divisions: 
The fi rst provides the philosophy behind integrative 
design; the second is intended to serve as a manual 
for practicing professionals; and the third introduces 
deeper levels of integration.

Chapters One through Four focus on the phi-
losophy and underpinnings of an effective IDP. These 
chapters address systems thinking and building and 
community design from a whole and living system 
perspective. These chapters are the foundation of this 
book, and as such, serve as a conceptual structure 
to guide the thinking that leads to a more and more 
deeply sustainable design process.

Chapter Five begins the manual section of the 
book—the “how to do it” structure that can be used 
to guide the process. This begins with the Discovery 
Phase—the foundation of an integrative design pro-
cess. It is the most important phase of a green proj-
ect, and as a result, is the longest chapter. Chapters 
Six through Eight complete the manual and serve 
as a “fi eld guide” that identifi es the level of investi-
gation required during the various stages of imple-
menting an effective integrative design process. For 
the purposes of this book, we have identifi ed thirteen 
explicit stages, but these are intended only as a guide 
that can be compressed or expanded, as necessary, to 
better respond to the constraints and opportunities 

of each project. Process outlines, practical examples, 

case studies, and stories are used throughout to il-

lustrate the nature of this work.

Chapter Nine offers a view into the deeper realm 

of integration that we believe is required of each of us 

in order to truly transform our practice and our role 

on this planet.

You may notice that the manual section of this 

book provides greater detail at the beginning and then 

distills issues as it moves into the later stages of the 

integrative design process. The same is true of many 

of the subsections within each identifi ed stage—more 

detail at the beginning than at the end. This is because 

the vital work of integrative design must occur at the 

beginning. This early work builds a proper founda-

tion upon which all decisions are built. In addition, 

the further along we are in a project the more vari-

ables crop up. It is impossible to list all the possible 

fl ows in a single design process, but we have attempted 

to present a clear framework that can be applied to 

any situation or building type. We leave it to you, the 

practitioner, to use this framework to respond to the 

unique situation in each project.

We have delineated a process that has grown out of 

our experience. After several attempts to translate this 

experience into a list of tasks, we found describing this 

work through stories and examples to be more effec-

tive and meaningful. We are confi dent and optimistic 

that once you begin to implement this process, it will 

never play out in exactly the way that we have writ-

ten it. If you keep checking back as you go, your own 

process will continue to evolve. And to evolve is itself 

a process—a valuable one, because we still have a lot 

to learn.
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1

FROM MASTER BUILDER TO THE TWENTY-
FIRST CENTURY: WHERE WE ARE AND HOW 
WE GOT HERE

The Master Builder

T
he Industrial Revolution had profound effects on 
human society, especially on how we build in our 
places. Only a little more than 150 years ago, local 

natural and human resources were the basis and the 
limit for what was designed and built. The resulting 
process was far different from contemporary practice. 
The architects of that time were called Master Builders.

Master builders were schooled through local ap-
prenticeships, and the techniques and technologies 
they learned were developed from an understanding 
of local issues and passed down through generations. 
Mechanized transportation was limited, so people 
possessed an intimate knowledge of local materials, 
as well as workforce skills, economies, cultural imag-
ery and traditions, microclimates, and soil conditions. 
They understood the fl ow of local resources and what 
local conditions could be limiting. The built envi-
ronment was designed and constructed from a deep 
connection to each individual place, with the master 
builder conceptualizing the overall pattern and each 
artisan, craftsman, and journeyman then contribut-
ing layers of richness and diversity at smaller scales. 
What resulted were buildings and communities that 
truly were integrated with their environment and that 
lived, breathed, and grew to become timeless elements 
of their place.

c h a p t e r

Many Minds
1

People don’t like change. But make the change 
happen fast enough and you go from one type of 
normal to another…

—said by novelist Terry Pratchett’s character 
Moist von Lipwig in Making Money



2 M A N Y  M I N D S

2 Figure 1-1 The peaks of the 
Dolomiti Lucane mountains in southern 
Italy (in the Basilicata region) surround 
and protect one of the most beautiful 
villages of Italy, Castelmezzano. Dating 
from the tenth century, the town’s 
organic development pattern works 
with, rather than against, the natural 
formation of the mountains, and 
the town’s buildings are oriented in 
alignment with the mountains to shield 
inhabitants from cold northeast winds 
and to capture solar heat from the 
south. Image courtesy of John Boecker.

3 Figure 1-2 This view from 
one of the fourteen surviving 
thirteenth-century towers of 
San Gimignano, the famous 
Italian hill town in Tuscany, 
reveals the town’s connection 
with its surrounding landscape 
and topography—its source for 
materials, food, and protection 
for more than 1,000 years. Image 
courtesy of John Boecker.
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Understanding this process, modern architect Ma-
rio Botta recently offered this advice after designing 
buildings outside his native Ticino, Italy: “Build where 
you live.” Those that have visited Ticino may recall the 
magical quality of the centuries-old hill towns nestled 
in the Swiss-Italian Alps. Built of native stone and local 
alpine wood, using indigenous practices and traditions 
handed down through generations, these towns feel 
organic—as if they grew out of the landscape, blurring 
the line between the built and natural environment, 
presenting a unifi ed place. To this day, these towns re-
main largely self-suffi cient, sustainable communities.

Many of the buildings and communities that we re-
spect and envy today were created in this way and still 
thrive after centuries of vitality—so much so that many 
have become popular tourist destinations. Sometimes, 
theme parks are built to replicate these buildings and 
communities with the aim of capturing some hint of the 
life and the quality they possess. But that quality cannot 
be reproduced in this way, because it was generated spe-
cifi cally by individual master builders’ intimate process 
of building with and within their own communities.

4 Figure 1-3 This picturesque Ticino hill town, 
located in southern Switzerland, integrates seamlessly 
with its Alpine terrain, the stone of its structures 
seemingly growing from the mountain upon which it 
nests. It is a distinctly Italian-style town that relies on 
the local hills for its farming and the adjacent river for 
hydroelectricity. Image courtesy of John Boecker.

2 Figure 1-4 The town of Alberobello, a UNESCO 
World Heritage site, contains an urban concentration of 
more than 1,500 Trulli dwellings, dating from the mid-
fourteenth century that are still in use and were made 
from limestone blocks collected from surrounding fi elds. 
These indigenous structures could be quickly erected 
and dismantled, utilizing ancient mortarless drystone 
construction for their distinctive conical roofs that draw 
off the heat of their southern Italian climate. Image 
courtesy of John Boecker.
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Figure 1-7 Since structures are constructed into the rock of the ravine’s steep 
slopes, houses were layered atop houses, so it is not unusual to encounter 
chimneys when walking through this ancient town, before realizing that winding 
roads, gardens, and other structures rest on the roofs of dwellings below. Image 
courtesy of John Boecker.

Figure 1-5 Matera, the “City of the 
Sassi” in southern Italy’s Basilicata 
region, has been inhabited since 
the Stone Age and is a protected 
UNESCO World Heritage site 
consisting of nearly 3,000 cave 
dwellings and 150 churches carved 
into the rock ravine of the Torrente 
Gravina on which it is built, an 
ideal and well-protected canyon for 
prehistoric human habitation. Image 
courtesy of John Boecker.

Figure 1-6 The cream-colored façades of Matera, built of 
local tufa stone bricks, are placed in front of the many natural 
grottoes and carved caves to serve as entrance structures. 
Rainwater collection in small pools and wastewater fl ows were 
managed for 9,000 years via an ingenious system of tiny canals 
until overcrowding between the two world wars rendered Matera 
uninhabitable. Legislation in 1952 mandated restoration of 
the Sassi, and many of the cave dwellings and churches have 
been restored, transforming Matera into a breathtaking “living 
museum.” Image courtesy of John Boecker.
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When we experience the buildings and communi-
ties that were created within the master builder process, 
we can see how truly integrated that process was at ev-
ery level. Each person that contributed to these struc-
tures was thinking and working from a unifi ed schema 
derived from a shared understanding of local patterns. 
This cohesive intelligence ensured that each crafts-
man’s individual contribution would be perfectly inte-
grated within the whole of the built environment. Not 
only were they working from the same place physically 
and culturally, but these craftsmen were also in a sense 
working from the same mind. 

The Siena Duomo

Medieval cathedrals are familiar examples of the type 
of powerful coherence that characterized the built 
environment of the master builder. Recently we had 

the opportunity to visit in Italy the Duomo di Siena 
(cathedral of Siena), originally designed by master 
builders Nicola Pisano and his son Giovanni, along 
with pupil Arnolfo di Cambio. The Siena cathedral 
was largely completed between 1215 and 1263, under 
Pisano’s guidance, with layers of work integrated into 
his original conception by Donatello, Michelangelo, 
Gian Lorenzo Bernini, and others. 

The Siena Duomo occupies the highest point in Sie-
na and seems to grow right out of the landscape, adding 
a physical and spiritual pinnacle to the rocky plateau. 
The cathedral is built primarily of local marble that the 
town’s inhabitants gathered from nearby quarries and 
carted back to town. These indigenous marbles create a 
consistent color palette of black and white stripes with 
green and yellow accents. The entire complex is beauti-
fully integrated into its place—born of the place and 
the people that lived there. 

Figure 1-8  The awe- 
inspiring Siena Duomo 
(cathedral) appears to 
have grown out of the 
plateau upon which it sits, 
integrating seamlessly 
with its surroundings as 
a pinnacle that towers 
above the medieval town 
built into the hills below. 
Image courtesy of John 
Boecker.
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Inside the Siena Duomo, a magical vaulted space 
is supported by ordered rows of stone columns and 
piers comprised of the same horizontal black and white 
stripes that dominate the exterior. On a recent trip, we 
noticed that only a few, seemingly randomly placed 
columns were not striped. After looking closely for a 
while, we realized that these anomalous columns were 
far from randomly placed but were located to establish 
spatial hierarchies within the overall space. This archi-
tectural cipher communicated a semiotics, a natural 

language within the whole that revealed additional lay-
ers of meaning.

The marble fl oor mosaics throughout the cavern-
ous space within the duomo remain among the world’s 
most exquisite, each conceived and executed by a mas-
ter artisan within a consistent overall pattern, each 
telling its own tale within the biblical stories depicted. 
From 1372 to 1547, these fi fty-nine fl oor panels were 
executed by Siena’s top artists. On our trip, we chatted 
with an old man we met repairing a small area of this 

Figure 1-9 The striking Romanesque marble banding of the Siena 
Duomo’s campanile (bell tower), which was added in 1313, extends 
the pattern of the cathedral’s exterior materials. Almost all of the marble 
used for the cathedral was harvested by inhabitants of the town from local 
quarries. Image courtesy of John Boecker.

Figure 1-10 Daylight streaming in from the gallery windows of the 
cathedral’s nave highlight the signature marble stripes of the Duomo’s 
columns. Image courtesy of John Boecker.
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marble fl oor. He told us that he was a descendant of the 
original fourteenth-century master masons, who were 
trained locally in a craft lovingly sustained and nur-
tured through generations for over seven centuries. We 
watched as he honed the three-inch-thick marble pieces 
to fi t together seamlessly, with hairline joints crisper 
than a jigsaw puzzle. 

In the 1300s, the townspeople began the construc-
tion of a transept that would make Siena’s duomo the 
largest cathedral in Christendom. This monumental 
addition was intended to continue the same pattern 
of the structure’s spatial choreography, which begins 
at the end of a journey through the narrow, climbing 
streets of the medieval town. This effort was abruptly 
abandoned in 1348, when over 50 percent of the town’s 

population fell victim to the plague. What remains is a 
ghostlike fi gural void that was conceived as a roofed in-
terior space but left virtually untouched as an exterior, 
“urban” room for 650 years. The space is striking in its 
authenticity, and acts as a permanent commemoration 
of the place’s history.

In its totality, this spectacular cathedral complex 
embodies more than 350 years of continuous work, 
all generated from an original thirteenth-century con-
ception that was rooted in a deep understanding of 
the unique interrelationships of its place, integrating 
landscape, materials, workforce, cultural semiotics, 
traditions, art forms, local climate, habitat, and urban 
development patterns. Nearly eight centuries later, it 
still leaves us marveling at the awe-inspiring result, an 

5 Figure 1-12 Meticulously executed geometric mosaic fl ooring 
patterns throughout the Duomo evoke the colors of indigenous materials 
used throughout Siena. Image courtesy of John Boecker.

3 Figure 1-11 The Duomo’s mosaic fl oor panels depict Old Testament 
stories, framed by intricate patterns of local marble, composed by Siena’s 
top artisans. Image courtesy of John Boecker.
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accomplishment almost beyond imagining today—and 
on the hottest summer day, it remains the coolest space 
in Siena for taking a quiet respite from the sun’s heat.

THE AGE OF SPECIALIZATION

With the Industrial Age came advancements that re-
moved many of the limitations that had kept the master 
builder management structure in place. The evolu-
tion toward global transportation and communication 
meant that building materials and other resources need 
not be locally available and could come from anywhere. 
As new materials and technologies were rapidly and 
increasingly introduced, specialists were needed to re-
solve and implement the complex aspects of electricity, 
lighting, ergonomics, heating, cooling, ventilation, mu-
nicipal waste systems, water supply, automatic climate 
control, smart buildings, and more; and each of these 
systems is now designed by different and separate pro-
fessionals, and optimized in isolation.

4 Figure 1-13 A journey though Siena’s 
organic labyrinth of narrow medieval streets offers 
countless hidden and sudden views, a spatial 
choreography culminating at this fi nal portal, 
which frames the Duomo’s campanile, before 
arriving in the exterior space of the would-be 
transept nave. Image courtesy of John Boecker.

2 Figure 1-14 Looking back on the arrival portal 
to this exterior space reveals an “urban room” as 
it was in 1348, when the plan to create an interior 
space expanding the Duomo was thwarted by the 
arrival of the Black Death. Image courtesy of John 
Boecker.
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Where we once had one mind—a unifi ed intelli-
gence—conceptualizing and integrating patterns born 
of the place and its people, we now involve anywhere 
from dozens to hundreds of disparate companies, or-
ganizations, and individuals in designing our buildings 
and their components. In other words, we entered what 
might be termed the Age of Specialization. We have 
fragmented the whole into myriad separate pieces.

In short order, we moved from a time of com-
monsense integration into a period—now more than 
a century and a half long—of “it’s-not-my-job” special-
ization and “this-is-not-my-area-of-purview” disinte-
gration. On a recent project, for example, we worked 
hard to convince the civil engineer that we needed him 
at our fi rst predesign, goal-setting integration meeting 
with the owner and all members of the design team. He 
said, “Well, why do I need to come? You guys haven’t 
started designing; there’s nothing for me to do yet.” But 
with some support from the owner, we were able to 
convince him to attend this all-day, team goal-setting 
session. Early on that day, after spending a couple of 
hours walking through site issues and discussing pre-
existing site forces, conditions, fl ows, constraints, and 
opportunities, the civil engineer got up to leave, saying 
“OK, the rest is not my job—I’m only responsible for 
everything fi ve feet from the building and beyond. You 
guys do whatever you want inside that . . . just tell me 
where I need to hook up your systems.”

This is not to say that good work is not being done. 
Each specialist possesses tremendous skill for design-
ing and optimizing the systems and components for 
which they alone are responsible. However, our design 
process is such that only pieces are optimized and not 
the whole. Each of these professionals is designing fully 
within the silo of their discipline, and the interaction 
between each discipline is usually kept to a minimum—
limited to ensuring, for example, that the electrical en-
gineer’s supply system provides adequate power to the 
mechanical engineer’s specifi ed heating, ventilating, 

and air-conditioning (HVAC) equipment. The optimi-
zation of the building’s individual systems is primarily 
done in isolation, based on rule-of-thumb conventions 
that target abstract, generalized standards. These sys-
tems are then assembled into a building.

STOP AND REFLECT: OUR CURRENT 
PROCESS

Siloed Optimization

We often ask our clients at the very inception of a project 
to refl ect on today’s design and construction-delivery 
methodology. Let’s see if this sounds familiar: The proj-
ect starts when the architect meets with the owner to 
discuss the program for the building to determine the 
required spaces, as well as their sizes and functions, and 
the relationships and proximities between them. Once 
this program has been documented, the architect pro-
duces a series of iterative sketches over weeks or months 
and presents them to the owner until they agree that 
everything is the right size, in the right place, and “looks 
good,” essentially completing schematic design. These 
drawings are then sent to each member of the team of 
professionals assembled: the HVAC engineer, the electri-
cal engineer, the plumbing engineer, the structural en-
gineer, the civil engineer, the fi re-protection consultant, 
the landscape architect, and others—all of whom are 
specialists within their disciplines, possessing tremen-
dous acumen and skill in optimizing their systems.

The optimization of each individual system is done 
primarily in isolation, based on rule-of-thumb conven-
tions and standards. Then, after each system has been 
designed, the drawings are sent back to the architect, 
who ostensibly coordinates everything—making sure 
that ducts do not run into sprinkler piping, structure, 
and so on. The architect then issues a fi nal set of design 
documents, which results in an estimate for a building 
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that more often than not is over budget, so we resort 
to “value engineering.” You likely have heard the joke 
that value engineering is neither—since it is certainly 
not about value nor does it require engineering. In 
other words, the building is made cheaper by cutting 
out pieces, reducing scope, or both, often by plucking 
away any “green” components that appear to represent 
low-hanging fruit, because they were conceived as an 
additional layer of desired elements—in essence, elimi-
nating things that the owner originally wanted. Once 
the project is back on budget, a fi nal set of construc-
tion documents is created in the form of a large stack 
of drawings and a much larger stack of bound-paper 
specifi cations, which we then issue for bidding.

The Abyss Between Design and 
Construction Professionals

For the sake of argument, let us say that the scenario 
above describes a twenty-million-dollar building. How 
many people were involved in the building design pro-
cess from the beginning of the programming effort 
to the day the bidding documents are put out on the 
street? Defi nitely dozens, even hundreds, if we include 
all of the equipment manufacturers and product rep-
resentatives involved. How long did the process take? A 
year? Eighteen months? Two years? By doing the math, 
it is easy to see that what is embedded in that set of bid-
ding documents equates to hundreds of thousands of 
person-hours of research, analysis, decision making, 
and documentation. And then what do we do? We give 
construction professionals (who typically are not in-
volved in the design process) four weeks to bid on these 
documents, which really means two weeks or even one 
week, based on our conversations with contractors.

Not only are we giving contractors only a week or 
two to understand hundreds of thousands of hours’ 
worth of information, but we are also asking them to 
put a price on that understanding and, further, to com-
mit contractually to meeting that price. Then, we select 

the lowest bidder, which essentially means that we end 
up awarding the construction contract to the team that 
understands the project the least!

It gets worse. If you look around the room you are in 
right now, it is likely that you will see dozens of products. 
The chair you are sitting in, the pants you are wearing, the 
cup you are drinking from. Every one of these products 
is produced dozens if not hundreds or tens of thousands 
of times, built over and over again with plenty of oppor-
tunity to work out the bugs and quirks, usually accom-
panied by some level of quality control. However, in the 
case of a building—likely the most expensive product a 
person will buy in his or her lifetime—every single new 
building is entirely unique. It has never been built before. 
It will never be built again—even if it is a prototype that 
is being site adapted, the team of professionals is differ-
ent, making it an absolutely unique product. Further-
more, every one of the products in the room around you 
was designed and constructed by the same entity. Our 
buildings, though, are designed by one set of design pro-
fessionals and constructed by an entirely different set of 
construction professionals, with no interaction between 
the two of them whatsoever until construction begins. 
Not only does an abyss exist between these two sets of 
professionals, the contractual arrangement between the 
two actually renders them adversaries! It seems that we 
have created a perverse construction-delivery method-
ology from beginning to end.

This conventional process creates buildings that 
are no more than the sum of their parts—and some-
times less. The most striking innovations remain un-
leveraged, as any improvement that occurs is confi ned 
to its silo and secluded from the whole. The process 
more closely resembles assembly than integration. 
And because the assembly is, in a way, blind, we often 
face redundancies, unnecessary costs, and a great deal 
of wasted time and effort.

It is not surprising, then, that data from the Law-
rence Berkley National Lab from a 1998 study indicates 
that 90 percent of U.S. buildings have either systems 
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controls problems or nonfunctioning HVAC com-
ponents upon occupancy and during the fi rst year of 
operations. Further, 15 percent of our buildings are ac-
tually missing components that were in the construc-
tion documents and purchased by the owner in the 
construction contract. This is no secret to design and 
construction professionals. In fact, of the hundred 
thousand or so design and construction professionals 
to whom we have presented in the last ten years, when 
asked “When was the last time you were involved in a 
project that, after it was constructed and occupied, had 
no HVAC problems?” only one person has ever raised 
his hand. This person got us very excited, so we said, 
“Tell us about your HVAC system.” He replied, “There 
wasn’t an HVAC system. It was a cabin in the woods.”

Doing Less Damage by Adding 
Technologies

The very system by which we certify our green buildings 
is illustrative of the assembly-like nature of our process. 
When utilizing LEED® (the U.S. Green Building Coun-
cil’s Leadership in Energy and Environmental Design 
Green Building Rating System), we whip out the LEED 
scorecard and begin assessing which credits are appli-
cable and achievable. We walk the team through a cred-
it-by-credit analysis, asking the architect, the engineers, 
and design team members to think about how they can 
make their systems and components greener by meeting 
the requirements of the applicable LEED credits. We ask 
them to consider how they can reduce the environmen-
tal impacts associated with their work in order to reduce 
automobile use, site disturbance, stormwater runoff, 
heat-island effects, and water and energy consumption. 
Each team member identifi es and commits to the points 
that are achievable from within their discipline, and at 
the end of the day we add our points up to see whether 
we can target a silver, gold, or platinum rating.

Each project team member is then assigned LEED 
credit responsibilities, and each begins designing his or 

her system with the mission to achieve the identifi ed 
LEED points assigned to them. For example, these re-
sponsibilities on a typical LEED project might generate 
the following activities:

The Civil Engineer adds the design of a retention ba-
sin to hold a greater percentage of stormwater on site 
and reserves several parking spaces for carpooling.

The Landscape Architect adds trees to the south 
side of the parking lot for shading, a bike rack, and 
more areas for vegetation, as well as native plant-
ing materials that do not require permanent ir-
rigation; the landscape architect also changes site 
pavement materials to lighter colors.

The Plumbing Engineer specifi es low-fl ow lavato-
ry faucets, waterless urinals, and a high-effi ciency 
domestic hot-water heater.

The Mechanical Engineer adds energy-recovery 
units, variable-speed fans, carbon dioxide sensors, 
and air-conditioning components that contain 
non-hydrochlorofl uorocarbon (HCFC) refriger-
ants, and designs a ground-source heat pump sys-
tem for heating and cooling.

Figure 1-15 A cabin with a fi replace in the Adirondacks is free from any 
HVAC problems. Image courtesy of Todd McFeely.
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The Electrical Engineer adds a few more (but 
lower wattage) exterior cutoff luminaires in the 
parking lot, some photovoltaic panels, a few more 
energy-monitoring sensors, and also specifi es 
individual lighting controls and high-effi ciency 
compact fl uorescent lighting fi xtures through-
out, tied to photocell sensors and dimming bal-
lasts for daylight harvesting.

The Architect adds insulation to the walls and roof, 
several skylights for daylighting, a vegetated green 
roof, a few more windows comprised of triple-
glazed systems for high performance, and specifi es 
“greener” materials, such as drywall made from 
100 percent recycled content.

The Interior Designer selects paints with low or no  
emission volatile organic compound (VOC) con-
tent, high recycled-content carpet, certifi ed wood 
fi nishes, and rapidly renewable cork fl ooring.

The Owner commits to hiring a commissioning 
authority, a construction waste manager, and an 
indoor air quality testing agency.

Once all these technologies are added and the build-
ing is constructed, we have a successful green building 
that does less damage to the environment. Hundreds of 
these buildings are being constructed as you read this—
they are doing their part by hurting the planet less. But 
where does that leave us? If you have a planet fi lled with 
millions and millions of buildings that do less damage, 
you still have not solved the problem. With thousands 
and thousands of talented design and construction 
professionals working with brilliant minds and genuine 
caring, we need to accomplish more than simply doing 
less damage—we need to do better than just slowing 
our way down our collision course.

There are many problems that arise with this un-
holistic, unintegrated approach, the most signifi cant of 
which is the lack of a clear leverage point or an accepted 
and established methodology for changing the way that 
we build. Given the magnitude of the challenges that we 

��  Figure 1-16 The largest ozone hole over Antarctica, recorded as 
of September 2006. Image courtesy of National Aeronautics and Space 
Administration (NASA).

� Figure 1-17 This image of the ozone hole in December 2007 offers hope 
that the Montreal Protocol on Substances that Deplete the Ozone Layer, which 
entered into effect in 1989, is having a positive effect. Image courtesy of NASA.
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face, it will take nothing less than a massive transforma-
tion to get us out of this mess. How might that trans-
formation occur? Where in our current design process 
exists the point at which we might intervene to create 
large-scale change? The answer, simply, is that it does 
not exist within the current process.

THE CALL BEFORE US
As our collective values have shifted toward the pursuit 
of sustainability, great innovations have been made. 

Thousands of the best and brightest professionals are 
devising ways to improve the effi ciency and reduce the 
impact of what they design. But we are still designing 
within a process that belongs to the Age of Specializa-
tion, and thus our solutions and approaches to sustain-
ability are as fragmented as ever. When a technology is 
proposed as a solution to a green building issue, we are 
in effect saying that we have the answer for you. But do 
we? Have we even asked the right question?

These are urgent times. Depending on which re-
ports one reads, we have only a little or almost no 

Figure 1-18 Computer simulations of rising sea levels resulting from global climate change, such as this image of Florida, indicate that millions of 
people residing in coastal areas around the world may be displaced. Image courtesy of Weiss and Overpeck, University of Arizona.
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Figure 1-19 On the East Coast of the United States, rising sea levels could wipe out many major urban and residential areas. Image courtesy of Weiss 
and Overpeck, University of Arizona.

time left to change. There is a call to action before 
us—change the way that we build, or the Earth will 
change it for us. If one part of the building improves, 
it remains just that—an improved part. We are work-
ing brilliantly toward creating highly effi cient pieces 
of buildings, but the world’s most effi cient HVAC sys-
tem, unintegrated with the whole, is but a drop in the 
bucket compared to the magnitude of change that we 
need to create. The process by which the master build-

er produced such enduring and vital places has been 
lost, for the practice of development has become far 
too dynamic and complex for such a process to func-
tion. Even understanding the systems within a single 
building has become too complex for one mind, one 
person, to grasp completely. What is being called for is 
a new process of integration for the many minds de-
voted to each project and a new process for building 
the more complex systems that we inhabit.
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SHIFT IN THINKING: NO PART OR SYSTEM 
IN ISOLATION

I
n the fi rst chapter we described the shift from the 
“one mind” of the master builder to the many minds 
of the professionals and specialists that contribute 

their expertise to today’s development projects. Yet 
it is not the collaboration of many minds that is the 
problem—it is the process by which they collaborate. 

With these many minds, each representing an ad-
vanced discipline, we have a tremendous potential: 
rather than assembling our buildings from fragments 
that interact with one another in unplanned ways, we 
could be creating them as harmonious wholes whose 
parts support one another in mutually benefi cial in-
terrelationships. The result would be historic, tapping 
into the cocreative potential of our many advanced 
disciplines and transforming not only how we work 
and build but also how we live.

To do this, we need to create a shift both in process 
and in thinking. In fact, the two go hand in hand. Our 
conventional thinking treats buildings as objects, as 
things. Yet each building is in fact a system, with each 
individual part affecting the other parts and, in turn, 
the building as a whole. Our conventional process, 
however, prevents the systemic relationships between 
building components from being understood or even 
seen. On our fi rst few projects, even when we thought 
we were implementing what we called integrated de-
sign, we really were not there yet.

c h a p t e r

Building as an 
Organism

2

English does not contain a suitable word for 
“system of problems.” Therefore I have had 
to coin one. I choose to call such a system a 
“mess.” The solution to a mess can seldom be 
obtained by independently solving each of the 
problems of which it is composed.

—Russell L. Ackoff, “Systems, Messes and 
Interactive Planning” from Redesigning the 

Future. New York/London: Wiley, 1974
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What is this mysterious label and what does it 
mean? How do you know if you really are practicing 
integrative design or not? How does a client know 
who to believe when selecting a team?

With the steadily increasing demand for green build-
ing, and the proliferation of the U.S. Green Building 
Council’s (USGBC) LEED Green Building Rating Sys-
tem, there is a heightened awareness that the design 
process itself determines the success and cost ef-
fectiveness of implementing green building and using 
rating systems. Practitioners now recognize that an 
integrative design process can make or break a proj-
ect, but it can be diffi cult to achieve and depends on 
every member of the team participating and commit-
ting to it. The diffi culty of this process is that it chal-
lenges people’s ability to go outside of their comfort 
zone, do things differently, and refi ne their personal 
skills when encountering resistance and confl ict.

When asked about green building, design profes-
sionals often respond in one of two ways. First, there 
are the naysayers, those who feel that green design 
is either a passing trend, or an expensive add-on 
layer superimposed onto “traditional” design. Sec-
ond, there are those professing that they’ve been 
doing green design since the ’70s solar craze, and 
that everything they do is green.

So how do you know? We suggest that to answer 
this question, one needs to have a set of indica-
tors—both qualitative and quantitative criteria—that 
evaluate whether or not one really is working collab-
oratively in a team setting. The USGBC created the 
LEED rating system to answer the question, “what 
is a green building?” Similarly, we now need to have 

a set of indicators that can answer the question—
“how green is your process?” ...or, “how integrated 
is your process?”

To answer this question, it is fi rst necessary to raise 
awareness about our current practice and be hon-
est about what doesn’t work in order to recognize 
the indicators of a “dis-integrated,” or dysfunctional, 
process. These include:

� lack of clear and shared understanding of project 
goals and basic aspirations during conceptual 
and schematic design

� poor communication resulting in errors, omis-
sions, and assumptions that result in over-sizing 
systems, redundancy, and gaps in knowledge 
and performance analysis

� a heightened degree of mystery between disci-
plines, particularly around specifi c analysis (For 
example, the architect doesn’t understand how 
the mechanical engineer arrived at the current 
design, or what assumptions defi ned the sys-
tem’s performance analysis.)

� lack of value in meetings, tasks or activities—this 
could range from “value engineering” (which jok-
ingly is referred to as neither) to ongoing, repeti-
tive meetings whose outcomes are not clearly 
defi ned, and people’s time is wasted.

� overlaps in roles and gaps between team mem-
bers’ responsibilities (especially in LEED projects)

� silos—decision making happens without col-
laboration (for example, the architect saying, 
“it’s too early in design to include the mechani-
cal engineer, interior designer, or landscape 
architect.”)
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� lack of a specifi c or defi ned map—the integra-
tive design process differs in signifi cant ways 
from the conventional design process to which 
we’ve become accustomed or conditioned. To 
succeed, the project team must intentionally map 
its process with clearly targeted goals and with 
identifi ed decision-making paths, milestones 
and methodologies for analysis. Without these, 
the team has no idea where it will end up and 
will suffer added headaches and increased cost. 
Without a map, it’s too easy to fall back into con-
ventional practice patterns.

� meeting structure and fl ows—particularly early 
in the process, project teams need to engage in 
brainstorming, charrettes, and targeted meetings 
interspersed between larger group meetings. To 
avoid silo behavior, teams must focus on specifi c 
analyses, feedback loops and co-solving prob-
lems.

On the other hand, you know you are 
participating in an integrative design process 
when…

… you are asked for your input on a wide range 
of issues—including those outside of your imme-
diate area of expertise or purview.

…a number of project team members are pushed 
out of their “comfort zone.” (They either fi nd this 
exciting and invigorating, or initially terrifying and 
disturbing!)

…there is a shared understanding of project goals 
that results from collaborative working sessions.

…the expectations of your work are clearly de-
fi ned and suffi ciently detailed—the results have 
targeted, quantifi ed performance goals.

…other people’s work depends on yours; tasks 
are interdependent—you can’t just go off and hide 
in a corner, then push through your deliverables. 
Integrated systems result from an integrative pro-
cess in which stakeholders co-solve problems.

…you feel that group interactions inspire cre-
ativity—working sessions are more “fun.”

…you feel more respected and valued than in 
a traditional project, and you feel obligated to 
respond in kind—you sense a higher level of 
morale and alignment with the core values ex-
pressed by the group, resulting in an expanded 
degree of pride in the outcome.

…there is a focus and emphasis on process it-
self, including an early collaborative goal-setting 
session attended by all team members (no later 
than schematic design) to establish a shared un-
derstanding of project targets and priorities.

…the process is mapped clearly—stakeholders 
actually spend time planning how problems will 
be solved together, with decisions made in a 
transparent way—this defi ned “map” is incorpo-
rated into the main project schedule.

…innovative solutions that challenge “rules-of-
thumb” are encouraged (innovation doesn’t mean 
high-tech or risky strategies).

…decision-makers (client) and an expanded ar-
ray of stakeholders are involved in a signifi cant 
and valuable way.

…the project embraces issues not usually consid-
ered in the typical design process—such as the 
health of the watershed, the regional ecology, and 
the community—by engaging an ongoing process 
of discovery that identifi es what contributes to the 
health of the project’s context or place.

(continued)
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…you feel a greater sense of ownership in the en-
tirety (or whole), rather than in individual aspects 
or components.

…there is dialogue and debate surrounding de-
sign decisions, leading to a higher level of “buy-
in” and consensus among the team.

However, it is important to remember that very 
little in life is black and white, including the design 
process. Most processes are neither completely 
collaborative nor completely dysfunctional. More 
likely, there are variations. One typical scenario is 
that a team gets off to a great start, but then the 
process degrades over time. At the outset, a team 
focused on green design will plan an initial char-
rette—excitement is high, enthusiasm abounds. 
People leave the charrette revved up and ready to 
charge ahead…however, ingrained habits are hard 
to change! Either the charrette was a one-hit won-
der and didn’t include a rigorous mapping process, 
or there wasn’t enough built into the ensuing pro-
cess to ensure that collaborative interaction would 
continue.

The fi rst charrette isn’t enough. The team’s process 
will not be integrated unless team members con-
tinue to pay vigilant attention to it, and continue to 
question even their own participation and habits. A 
truly integrative design process will include a variety 
of interactions among the team—a series of larger 
charrette meetings with smaller focused meetings 
in between, all orchestrated to build on each other. 
Each meeting, interaction, and activity should serve 
to add clarity and value to the exploration, analysis, 
and resulting design. If not, the merits of these activ-
ities should be questioned and alternatives explored 
that might better serve the purpose.

The indicators of an integrative design process are 
refl ected in both the built product and the human 
interaction that leads to it. Decreased costs resulting 
from the elimination of redundancies and streamlin-
ing systems are a solid indicator that the design 
team is not just piling on technology without a rigor-
ous and carefully considered method of analysis. 
As a result, highly integrated building systems can’t 
fall prey to typical value engineering methods, be-
cause components are inextricably interrelated, 
and they cannot be reduced by merely removing 
some, without signifi cant impacts on other systems 
components. Clarity about both the design and the 
steps to be taken in the design process are another 
strong indicator of integrated design—the mystery 
surrounding who knows what and how they do what 
they do is lessened, thereby augmenting clarity that 
is visible in the fi nal design.

Accountability is another indicator. Accountability 
in the form of quantifi able building performance 
metrics (where LEED and other rating systems play 
a role) gives design teams a measurable means for 
determining what actually has been accomplished. 
Such accountability in the design process requires 
that stakeholders are held to task for specifi c mile-
stones; their input is interdependent with others and 
therefore critical in order to produce deliverables 
and meet deadlines.

The fi rst step in assuring profi ciency as an integra-
tive designer is to pay particular attention to your 
own indicators—if you are refl ective about your 
participation and the participation of others in the 
group, you have a much higher chance of success. 
In other words, look for quantifi able feedback that 
evaluates the collaborative nature of the process 
and you have a much higher chance of success.
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Over the years, it has become apparent to us that 
virtually everyone in our current generation of design 
and construction professionals was trained in the pro-
cess of optimizing each system in isolation, separate 
from other systems. Because we base our calculations 
on rule-of-thumb values, building systems are being 
optimized in relationship to an imaginary, generic 
building represented in the pages of the American So-
ciety of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) tables and other design stan-
dards rather than optimized in relationship to one an-
other and to the reality of the building being designed. 
The systemic relationships that make up the whole 
cannot be seen from the seat of any one discipline, and 
so the many minds participating in the process func-
tion as disparate bodies of intelligence rather than as a 
coherent, organized force. The result is that our build-
ings embody redundancy built upon redundancy—
signifi cantly oversized systems that consume more re-
sources and energy than necessary, resulting in severe 
environmental impacts. These include both the im-
pacts associated with operating the building’s systems 
and those impacts associated with extracting materials 
for manufacturing and installing these systems.

So how are building components interrelated? Let’s 
examine one rather elegant and concrete example by 
asking the following question: how does the selection 
of the paint color for interior walls impact the size of 
the heating, ventilating, and air-conditioning (HVAC) 
system? As it turns out, there is a strong relationship 
between the seemingly unrelated factors of paint color 
and refl ectance, lighting, and HVAC system size. How 
does this work?

Every lighting designer utilizes the following 
equation when determining the required lighting in 
any given space:

Number of light fi xtures =  
foot-candles × area

 lumens × LLF × CU

The denominator on the right side of the equation 
includes light loss factor (LLF), which is a multiplier 
value that estimates the degradation of the lighting 
system over time, a function of the selected system’s 
lamp lumen depreciation, ballast factor, and lumi-
naire dirt depreciation. The other variable in the de-
nominator is the coeffi cient of utilization (CU), which 
is derived from a CU table similar to Figure 2-1. The 
way designers enter this CU chart is by selecting a light 
refl ectance value (LRV) for the ceiling, wall, and fl oor 
surfaces in the space. You can see from the table that as 
refl ectance values for these surfaces get higher (mov-
ing to the left in the top rows of the table), the cor-
responding CU values in the lower part of the table 
also get higher. If the CU gets higher, as demonstrated 
by the above equation, the required number of light 
fi xtures gets lower—often the number of lighting fi x-
tures can be reduced signifi cantly.

On our fi rst green school project, we discovered 
that the number of lighting fi xtures in every classroom 
could be reduced by 25 percent compared to standard 
practice, depending on the paint color selected. How 
did we learn this? Late in the project’s schematic design 
phase, we asked the architect a simple question: what 
is the light refl ectance value of the paint color that you 
have selected for every classroom in the project? This 
question was highly unusual at the time (in 1997), and 
it remains highly unusual today. The architect said he 
had no clue. The lighting consultant said: “You might 
want to look at the back of the paint chip sample.” The 
architect did, and it read: LRV 64 percent. The light-
ing consultant then told the architect, “If you can get 
that number up above 75 percent, we can reduce the 
number of lighting fi xtures in every one of those class-
rooms by 25 percent.”

In those days, typical 1,000-square-foot classrooms 
were lighted with 16 triple-lamp T12 fi xtures. In the 
case of this early green school project, by increasing 
the LRV of the paint on the walls, we were able to re-
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duce the number of lighting fi xtures to 12 triple-lamp 
T8 fi xtures, a 25 percent reduction. Ten years later, we 
now design typical 1,000-square-foot classrooms with 
only 9 triple-lamp T5 fi xtures, nearly cutting in half 
the number of fi xtures per classroom but still main-
taining adequate work-surface illuminance (roughly 
50 foot-candles, which is the recommended illumina-
tion level for reading and other tasks performed in a 
typical classroom).

Reviewing our work on this early green school 
project, we now had 25 percent fewer light fi xtures—
clearly this lighting system cost less to build. Addi-
tionally, over the life of the building, we now were 
illuminating 25 percent fewer lights, reducing the 
amount of electrical energy for lighting by 25 percent 
in all classrooms over the life of the building and, 
in turn, reducing by 25 percent the environmental 

impacts associated with burning the fossil fuels re-
quired to create that electrical energy. As most of us 
know, operational costs and environmental impacts 
often dwarf those of initial construction, especially 
for lighting (see Figure 2-2).

But it gets better. What else do lights produce be-
sides light? Heat—and a lot of it. A good rule of thumb 
is that for every 3 watts of energy spent to power a 
light, another watt of energy is required for cooling 
the heat generated by those lights. Let’s connect that 
to the HVAC system.

In many climates, it is not uncommon to spend 
more energy cooling our commercial buildings 
than heating them because of internal loads, such 
as electrical appliances (plug loads) and the body 
heat of occupants, but the chief internal genera-
tor of heat frequently is lighting. Often the build-

COEFFICIENTS OF UTILIZATION “SAMPLE TABLE” 
Floor effective fl oor cavity refl ectance = .20

Ceiling 80 70 50

Wall 70 50 30 10 70 50 30 10 50 30 10

RC .72 .72 .72 .72 .62 .62 .62 .62 .43 .43 .43

R 0 .66 .62 .60 .57 .56 .54 .52 .50 .37 .36 .35

1 .60 .54 .50 .47 .51 .47 .43 .41 .33 .31 .29

2 .54 .48 .43 .39 .46 .41 .37 .34 .29 .26 .24

3 .49 .42 .37 .32 .42 .36 .32 .28 .25 .22 .20

4 .45 .37 .32 .27 .39 .32 .28 .24 .23 .20 .17

5 .41 .33 .28 .24 .35 .29 .24 .21 .20 .17 .15

6 .38 .30 .24 .20 .33 .26 .21 .18 .18 .15 .13

7 .35 .27 .21 .18 .30 .23 .19 .16 .16 .13 .11

8 .33 .24 .19 .15 .28 .21 .17 .14 .15 .12 .10

9 .30 .22 .17 .14 .26 .19 .15 .12 .13 .11 .09

10

Figure 2-1 Generic coefficient of utilization table. Image courtesy of Rei Horst.
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ing’s cooling system size is driven by these internal 
loads, and lighting is often the largest contributor to 
these loads. In a typical school, the lighting system 
can account for as much as 50 percent of the an-
nual electrical consumption and up to 40 percent of 
the building’s cooling loads. This internal load cre-
ated by the lighting system is calculated as lighting 
power density (LPD), which is simply the amount of 
watts of connected lighting in a space divided by the 
square footage of that space. Mechanical engineers 
enter this LPD value into their block-load calcula-
tions to determine required cooling capacity and in 
turn to determine the size of the HVAC equipment. 
By reducing the number of light fi xtures, and there-
fore LPD, mechanical engineers can signifi cantly re-
duce the size and capacity of the HVAC-supply sys-
tem. Further, since cooling capacity determines the 
size of the distribution system as well (i.e., ductwork 
and/or piping), the size of these components also can 

be reduced (smaller ducts). This equates not only to 
signifi cant savings in the fi rst cost of construction 
but also to operational savings over the life of the 
building, since less energy is required for a smaller 
HVAC system.

So, let’s summarize: we now have reduced fi rst cost 
for lighting, fi rst cost for HVAC-supply systems, fi rst 
cost for HVAC-distribution systems, operating and 
energy costs for lighting, operating and energy costs 
for HVAC systems, environmental impacts associated 
with manufacturing the lighting and HVAC equip-
ment, and the environmental impacts associated with 
burning the fossil fuels required to provide energy to 
these lighting and HVAC systems—all because of the 
paint color?

Well, yes. But there is a problem.
Over the past twelve years, we have asked some-

where on the order of 3,000 electrical and lighting en-
gineers this question: “When was the last time you had 
a conversation with your architect to fi nd out, before 
designing the lighting system, the actual light refl ec-
tance values of the surfaces in the space?” We usually 
are met with shrugging shoulders, or the response is 
“never.” Then we ask: “Okay, then, since you are not 
using actual refl ectance values when you enter the co-
effi cient of utilization table, what refl ectance values do 
you typically use for ceilings, walls, and fl oors?” In all 
but a few cases we hear—almost like a mantra—the 
same response: “80, 50, 20.”

So we ask: “But what if those values actually are 90, 
80, and 40 for the selected materials?”

They reply: “Well, then, we can signifi cantly reduce 
the number of lighting fi xtures.”

Unfortunately, this almost never happens. Rather, 
we have found that lighting engineers rarely factor 
such optimal refl ectance values into their calculations, 
so the number of lighting fi xtures often ends up being 
far more than (often double) what it needs to be.

It gets worse.

Labor, 9%

Lamps, 1%

Purchase, 6%

Energy, 85%

Luminare Life Cycle Cost
Example

Figure 2-2  For most light fi xtures, energy consumption is the largest 
component of its life cycle cost. Image courtesy of Marcus Sheffer.



22 B U I L D I N G  A S  A N  O R G A N I S M

We then ask the HVAC engineers: “When was the 
last time you had a conversation with your electri-
cal engineer to fi nd out the actual calculated lighting 
power density in the spaces being cooled before sizing 
your cooling system?” Again, more shrugging shoul-
ders, and nine times out of ten, we hear “never.” When 
asked what values they use instead, these HVAC engi-
neers typically reply that they take the LPD values out 
of ASHRAE tables for the associated building type, or 
they base these values on assumptions from past expe-
rience. It should be noted, in their defense, that part 
of the problem is that the lighting design typically oc-
curs much later in the design process than the point at 
which load calculations are performed.

In 1997, when we were working on this early 
green school, the standard rule of thumb utilized 
by HVAC engineers to input lighting load into 
their equations, using LPD values right out of the 
ASHRAE tables, was 2 watts per square foot. We have 
not worked on a school in over ten years that has re-

quired more than 1 watt per square foot—half the 
assumed LPD, hence half the heat generated. We also 
have seen a similar and consistent doubling of LPDs 
for offi ce buildings as well (1.5 watts per square foot 
versus an achievable 0.75—or even 0.65—watts per 
square foot). 

From this single example, we can see that sys-
tems as ostensibly unrelated as interior wall paint and 
HVAC are in fact closely related. Rather than working 
to deepen our understanding of these interrelation-
ships, though, we work to optimize the individual 
things: the architect selects surfaces based on a pre-
ferred aesthetic, the lighting engineer uses rules of 
thumb to select lighting fi xtures, and the HVAC en-
gineer uses rules of thumb to size cooling equipment. 
In short, our current process lacks an understanding 
of how these systems—and many other building sys-
tems—interrelate, and, further, it lacks the communi-
cation between design professionals required to reach 
such an understanding.

Figure 2-3 A classroom at 
Clearview Elementary School in 
Hanover, Pennsylvania, exhibits 
excellent bilateral daylighting, 
allowing daylight to enter from both 
the north and the south. Copyright 
© Jim Schafer.
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BUILDINGS AS ORGANISMS

Quantum mechanics has established the primacy 
of the inseparable whole. For this reason, the 
basis of the new biophysics must be the insight 
into the fundamental interconnectedness within 
the organism as well as between organisms, and 
that of the organism with the environment.

—Marco Bischof, German theoretician quoted in Science 
and the Akashic Field: An Integral Theory of Everything, 
by Ervin Laszlo. Rochester, VT, Inner Traditions, 2004, 
from “Field Concepts and the Emergence of a Holistic 

Biophysics” (by Marco Bischof) in: Beloussov, L. V., Popp, 
F. A., Voeikov, V. L., and Van Wijk, R. (eds.), Biophotonics 

and Coherent Systems. Moscow University Press, 
Moscow 2000

One way to begin the shift toward a new process is to 
think of our buildings as organisms, where every sys-
tem is in symbiotic relationship, such as paint color 
and HVAC equipment. Think for a moment about 
your body as an organism—an extremely elegant one 
at that. Your body is made up of a number of inter-
related systems: immune, respiratory, digestive, and 
circulatory. All of these systems work in perfect con-
cert with one another. Each of these systems impacts 
the others: for example, when your immune system 
is stressed, this impacts your circulatory system, your 
digestive system, and your respiratory system—and 
vice versa. A building’s systems—the ventilation sys-
tem, the electrical system, etc.—also impact one an-
other. Perhaps we can think of a building’s ventilation 
system functioning as its respiratory system and the 
electrical system as its circulatory system, and so on. 
A process that encourages design teams to develop 
an understanding of the interrelationships between a 
building’s systems is critical for reducing construction 
and operating costs as well as environmental impacts.

Figure 2-4 The organism of the human body is extremely elegant—
each of its multitude of interrelated systems relies on the others to work 
as a whole with no redundancy and no waste. It also is tied to larger 
systems, since the waste produced by this human organism provides 
food for other organisms. Nucleus Medical Illustration, Copyright ©2008 
Nucleus Medical Art. All Rights Reserved; http://www.nucleusinc.com.
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Amory Lovins of the Rocky Mountain Institute, 
along with his writing partners L. Hunter Lovins and 
Paul Hawken, summarize the nature of these interre-
lationships in their book Natural Capitalism: Creating 
the Next Industrial Revolution (Boston: Little, Brown 
and Co., 1999) when they tell us: “Optimizing com-
ponents in isolation tends to pessimize the whole 
system—and hence the bottom line. You can actually 
make a system less effi cient, simply by not properly 
linking up those components. . . . If they’re not de-
signed to work with one another, they’ll tend to work 
against one another.”

Yet most of us have been conditioned and trained 
to design our buildings by utilizing a fragmented pro-
cess that optimizes each system or subsystem in isola-
tion, based upon conventions and rules of thumb.

Tunneling Through the Cost Barrier

So why do we continue implementing this fragmented 
process that we have been using for decades? The shift 
in thinking that is required to begin seeing our build-
ings as organisms is met with some very real obstacles. 
To return to the previous example, about the links be-
tween paint color and HVAC systems, it would seem 
that a relatively straightforward process adjustment—
requesting that the lighting designer ask the interior 
designer or architect for the actual light refl ectance 
values being used—could achieve the desired results. 
To think that this is a quick-fi x solution, however, ig-
nores the deeper issues that reinforce this fragmented 
process in the fi rst place. The reason why the majority 
of design and development professionals do not seek 
out this information is not because they are stubborn 
or unthoughtful, but rather because they are working 
to meet clearly defi ned time and budget goals within 
the pressures and constraints created by a highly de-
manding industry. There is a disincentive for anyone 
to try to extend their thinking outside of, or even to 

the outer limit of, their own prescribed discipline. Un-
derstandably, we begin designing right away: Get on 
with it, get it done, we have to be on time and in budget. 
Stopping to reconsider and question the accepted con-
ventions that govern our design paradigms feels like a 
waste of time: No, dammit, we’ve got work to do.

The reason for this pressure is very real and quite 
valid: building a building is an extremely costly, risky, 
and complex endeavor. Anything that departs from the 
prescribed and tested is not only frowned upon but 
creates real uneasiness and discomfort. Further, such 
endeavors are perceived as adding time and cost. We 
in the fi eld of green design are acutely familiar with 
this paradox: the number one objection or restraint 
to building green, coming from both our clients and 
from many of our fellow design professionals, is the 
perception of increased cost.

Our conventional process addresses cost in terms 
of being on time and within budget, often by fi xing 
things with what we euphemistically call value engi-
neering, as discussed in Chapter 1. When we want to 
consider sustainability, we add more considerations 
into the mix: energy effi ciency of the envelope, new 
energy technologies, daylighting, solar orientation, 
indoor air quality (IAQ), lighting quality, equipment 
power density, toxicity of the built environment, ma-
terials resources, embodied energy in these materials, 
life cycle cost analysis, life cycle assessment of environ-
mental impacts, habitat health, water recharge, water 
conservation, low-impact development design, soil 
health, land restoration, impacts on local economy, 
transportation energy, environmental impacts of in-
frastructure, abuse of labor practices by manufactur-
ers, and so on.

Considering all of these issues can be overwhelm-
ing. How can we possibly address all of this and still 
be on time and in budget? It is easy to see that simply 
adding these issues to our conventional design pro-
cess, as if these are technologies that we can specify or 
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overlay on top of the design, would be a very daunting 
task in the face of budget and time constraints.

In other words, adding components costs money. 
This is obviously true. Many developers and clients are 
starting to come around to the realization that occu-
pancy costs will eventually make the increased fi rst-
cost investment (or hard capital cost of construction) 
that a green building is assumed to require worth it 
in the long run. This reasoning not only lacks potency 
but often becomes unnecessary when an integrative, 
whole-systems process is used. When the building is 
being optimized as a whole system by a design team 
that focuses on the relationships between building 
components, single components often can be seen to 
perform multiple, stacked or cascading functions. This 
allows us to downsize or even eliminate other systems, 
saving not only operations costs but the ever-critical 
fi rst costs as well.

To ensure that cascading benefi ts are realized, once 
a project team identifi es some green strategy that adds 
cost, we encourage them to ask: What other systems 
will be affected by this new strategy or component? 
Are there any systems that can be downsized—or even 
eliminated—as a result of this new decision? This can 
almost serve as an integrative design mantra: What 
other systems are impacted? The money saved from 
reducing or eliminating such systems or components 
can then be used to pay for the additional cost of the 
green strategy that allowed for the reduction in the 
fi rst place, hence neutralizing overall construction 
costs. In Natural Capitalism, Lovins refers to this kind 
of thinking as “tunneling through the cost barrier.”

Lessons Learned from High-Performance 
Windows

As an illustration, passive solar homes—before the in-
vention of low-emissivity glass—typically cost $5,000 
more than a conventional house of the same size (2,500 

square feet). This was usually because mechanical sys-
tems had to be installed to act as backup heat sources 
in addition to the costs associated with larger areas of 
glass, increased insulation, and thermal mass.

When low-emissivity glass and high-performance 
windows appeared in the market, a number of cascad-
ing benefi ts were realized that could reduce the cost of 
a passive solar house to approximately $2,000 less than 
conventional construction, while at the same time re-
ducing the yearly energy costs 50 to 70 percent by uti-
lizing an integrative approach (see Figure 2-5).

This is because the augmented thermal properties 
of these windows, along with their ability to reduce 
solar heat gain, allow a number of reductions in other 
systems and elements:

Figure 2-5 This graph depicts the cascading fi rst-cost trade-offs for 
an example house that consumes 60 percent less energy than the norm: 
adding $2,000 for high performance windows plus another $1,500 for 
better insulation allows for perimeter air registers and horizontal ductwork 
to be eliminated for a savings of $3,500, plus another $4,000 savings by 
eliminating the separate heating boiler. Adding back in $1,000 for a quick 
recovery hot water heater to provide space heating and another $1,000 for 
a heat recovery ventilation system to remove moisture from spaces (which 
may be required due to the tightly sealed envelope) results in a total fi rst 
cost savings of $2,000. Image courtesy of Bill Reed.



26 B U I L D I N G  A S  A N  O R G A N I S M

� It is possible to eliminate the usual ductwork runs 
to the perimeter of the house to bathe the windows 
with warm air. The ducts are limited to a central 
trunk serving all rooms from the internal walls. The 
well-insulated walls and windows no longer need to 
be warmed by a mechanically supplied heat source, 
and compensation for the discomfort resulting from 
our bodies’ radiant heat loss to the cold surfaces of 
the glass is no longer needed, nor is it needed to 
reduce condensation. Money is saved.

� Because the windows are oriented to the south and 
the walls and windows become more effective insu-
lators, a boiler may no longer be needed. The house 
is capable of being heated with a large hot water 
heater. More money is saved.

� Because the house is so tightly built, the issue of in-
door air quality is a concern. The air handler in the 
house is replaced by an air-to-air heat exchanger 
with heat recovery for ventilating spaces that pro-
duce moisture, such as bathrooms and kitchens.

The approach that emerges from understand-
ing these connections asks us to spend more money 
on glazing and insulation to achieve the net savings 
garnered from reducing ductwork and eliminating 
the boiler, while at the same time signifi cant energy-
consumption cost reductions and better indoor air 
quality also are achieved.

This works for commercial buildings as well. 
On an early project for Pennsylvania’s Department 
of Environmental Protection (DEP), begun in 1999, 
we went to the owner and said that we would like to 
install triple-glazed, low-e coated, argon-fi lled, ther-
mally broken windows. The owner balked, making 
a joke that “with all those adjectives, those windows 
must be very expensive.” We confi rmed that they 
were more expensive than the budgeted windows 
and that they would cost the owner an additional 
$15,000. Because this was a small building—only 

about 30,000 square feet—that increase equated to 
roughly 50 cents per square foot on a building that in 
1999 cost only $93 per square foot to build—not an 
insignifi cant increase.

In this case, the owner was a private developer 
hired by the Commonwealth of Pennsylvania to de-
sign, build, manage the building, then lease it back to 
the DEP. He had won this contract with the state by 
presenting the lowest lease cost among his competitors 
when responding to a statewide request for proposal 
(RFP). This lease cost had been determined based on 
the construction and permanent fi nancing he was able 
to procure after establishing a fi nite value for fi rst con-
struction costs. Because he was locked into the lease 
contract, he was also effectively locked into a fi rst cost 
for construction; so, understandably, he simply could 
not afford to spend an extra $15,000 on windows. Even 
though he knew that the building would perform bet-
ter in terms of energy consumption, providing a quick 
payback, he refused.

The owner changed his mind, though, when we 
explained that he could afford these windows without 
worrying about paybacks. Here is why: his construc-
tion budget included the installation of a perimeter 
heating system along the windows—a common prac-
tice for buildings in the northeast, because windows 
are the most vulnerable components of the building 
envelope in terms of heat loss. We told him that if we 
installed these thermally robust windows, our model-
ing indicated that we would be reducing heat loss to 
less than 100 British thermal units (Btu) per lineal 
foot of window, which would allow us to eliminate the 
perimeter heating system, which had a budgeted fi rst 
cost of $25,000.

In this case, either the high-performance win-
dows or the perimeter heating system were required 
to meet the client’s performance specifi cation, which 
required that when outdoor temperatures were 20°F, 
the interior surface temperature of the glass could 
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be no less than 62°F. This could have been accom-
plished with either strategy; the high-performance 
windows just happened to be cheaper. Consequently, 
the owner was agreeable to the less-expensive option, 
resulting in a net savings of $10,000—but the story 
got better.

Due to the reduced heat gain and heat loss re-
sulting from these more thermally robust windows, 
we also were able to design a smaller HVAC system, 
which in turn resulted in a smaller distribution 
system of pipes and ductwork. These reductions 
achieved an additional $10,000 in fi rst-cost savings. 
So, by spending $15,000 on the better windows, 
$35,000 was saved by eliminating and reducing the 
size of other systems—the net $20,000 savings could 
then be reinvested in fi rst costs for other systems that 
would return paybacks over the building’s life, for 
example, the project’s 14-kilowatt photovoltaic array 
on the roof.

Here we have an example of eliminating an entire 
redundant system (perimeter heating), signifi cantly 
reducing the capacity of another system (HVAC sup-
ply and distribution), and neutralizing overall fi rst 
costs—but without some understanding of how 
building systems are interrelated, this could not have 
been achieved. By analyzing the interactions between 
systems and eliminating redundancies between them, 
the project team also was able to achieve signifi cant 
operational and energy cost savings over the life of the 
building; to eliminate the environmental impacts as-
sociated with operating these systems (again, impacts 
resulting from burning the fossil fuels necessary to 
generate this energy); and to reduce the environmen-
tal impacts associated with the extraction, manufac-
ture, transport, and installation of materials that now 
were no longer necessary.

One can readily see, however, why this approach 
could be problematic without a fully integrated team. A 
construction manager reviewing the construction cost 

estimates during the design phase would typically look 
at the line-item unit cost for the high-performance win-
dows and compare it to a database from prior similar 
projects. Without understanding the related impacts, 
the construction manager likely would eliminate the ex-
tra window costs during value engineering. Further, in 
early design phases, HVAC-system costs are invariably 
estimated in terms of dollars per square foot. Because at 
this stage, no equipment sizing upon which to base an 
accurate estimate has been done, it is unlikely that the 
cost estimator would be willing to reduce the HVAC-
system estimate without a larger understanding of the 

Figure 2-6 Light shelves at south-facing windows of the Pennsylvania 
DEP Cambria project shade windows below from high-altitude solar 
radiation in the summer while allowing low-altitude winter sun to 
penetrate; they also bounce daylight deeper into interior spaces through 
the glass directly above the light shelves, reducing the need for artifi cial 
lighting. Copyright © Jim Schafer.
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interrelationships between systems. In the case of the 
Pennsylvania DEP project, a ground-source heat pump 
(GSHP) system was utilized. At the time this building 
was constructed, GSHP systems were being installed for 
$19 per square foot; however, due to the capacity reduc-
tions enabled by the high-performance windows and 
other energy-effi ciency measures (EEMs), this project’s 
GSHP system was installed for only $12 per square foot, 
thereby providing a savings of $7 per square foot that 
offset the additional costs of the better windows and 
other EEMs.

2

4 Figure 2-7 High-performance windows—like this triple-glazed, 
aluminum-clad, wood window—reduce heat loss and can eliminate the 
need for perimeter heating systems. Image courtesy of Loewen. Copyright 
© C. P. Loewen Enterprises Ltd.

 Figure 2-8 Perimeter heating typically is supplied by air or hot water 
radiant systems. An example of components for a typical air system is 
depicted. Image courtesy of Marcus Sheffer.

2 Figure 2-9 Hot water radiant systems commonly provide perimeter 
heating. Image courtesy of Marcus Sheffer.
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PROJECT TEAMS AS ORGANISMS

All that the integrative approach requires is a process 
that facilitates intelligent and intentional communi-
cation between all team members, along with a will-
ingness to reach for high-performance goals using 
state-of-the-shelf technologies. The good news here is 
that we now have the tools (unavailable to us 15 to 20 
years ago) that allow us to examine these critical in-
terrelationships: tools such as computer-simulated en-
ergy modeling, daylighting simulation software, and 
life cycle assessment (LCA) packages. These tools allow 
us to analyze and optimize the interactions between 
many systems, subsystems, and components rather 
than to optimize each system or component in isola-
tion. Because of this ability to simulate the interactions 
between these systems, we can now begin to address 
more aspects of how they interrelate as a whole.

But these aspects are not things; they cannot sim-
ply be bought and overlaid onto a building design. 
They are aspects of a whole system of interconnected 
relationships. Lots of different specialists hold the 
knowledge about these different aspects. In our Age 
of Specialization, one person simply cannot address 

all of them. A new kind of design process is needed. 
To paraphrase Albert Einstein, the same design pro-
cess that created the problems we face will not be able 
to solve them. Such a process must look at the whole, 
not just sets of component parts. This requires not 
only an understanding that every one of the building’s 
systems impacts every other system, but it also man-
dates a nonlinear, holistic process where everybody 
integrates their work rather than designs their systems 
within isolated silos.

Returning to our buildings as organisms metaphor, 
we can see that the challenge is twofold. Not only does 
the building need to be designed to function as an 
organism—whereby every system and component im-
pacts and affects all other systems—but the design team 
itself needs to be functioning as an organism. Organic 
systems, such as our metaphorical organisms, organize 
themselves through feedback processes, through com-
munication. Our process must allow or encourage all 
design team members to interact on a much higher 
level to understand how the decisions each is making 
impact the decisions all others are making. In this way, 
high-performance teams can be built and sustained for 
designing high-performance buildings.

Building and Sustaining High-Performance Teams
By Guy Sapirstein, PhD

Organizations of all types have been grappling 
with the issue of how to build and sustain high-
performance teams. This issue is particularly 
relevant to teams where each member has an ex-
pertise or skill set that overlaps another member’s 
skills. As in all human interaction, there are two 
main dynamics that are acted out in teams: (1) 
issues of hierarchy, or power; and (2) issues 
of relatedness, or collaboration.

The issue of hierarchy is related to leadership. 
A leader might be appointed; that is, someone is 
given the authority and is designated the Leader. 
Another type of leader is the Emergent Leader, 
someone who has a unique skill set and rises to the 
occasion and becomes the de facto leader of the 
group. Identifying the Emergent Leader is often a 
diffi cult task a priori and requires that the situation 
present itself. Most work-based teams appoint a 

(continued)
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leader upon formation of the team rather than wait 
for a leader to emerge from within the team.

Relatedness and collaboration are complex dimen-
sions of human experience. The element of initia-
tive is implicitly included in collaboration. It is not 
merely a passive or submissive act of following 
certain rules; rather, it involves proactively seeking 
out how to help one another. The challenge faced 
by organizations and team leaders is how to bring 
people to the point of internalizing those concepts 
and integrating them into their functioning within 
the team.

In an attempt to integrate leadership, relatedness, 
and collaboration, the fi eld of “team building” has 
proliferated and includes a wide variety of activities, 
from seminars focused on learning to use of outdoor 
recreational activities. These activities can be classi-
fi ed by using two orthogonal factors:

� Type of teaching and learning: didactic versus 
experiential

� Focus of activity: work versus recreation

These can be illustrated as follows (examples in-
cluded in each quadrant).

Teaching and Learning Style
When discussing styles of teaching and learning, 
one must fi rst distinguish between types of knowl-
edge or information that need to be taught or ac-
quired. Cognitive science has identifi ed many dif-
ferent kinds of knowledge, but the two that seem 
most appropriate to team building are explicit 
and tacit knowledge. Explicit knowledge refers to 
information that is easy to convey and knowledge 
that has already been written down and codifi ed. 
Examples of explicit knowledge would be specifi c 
skills or processes such as calculating a duct or 
beam size in a building.

Tacit knowledge is knowledge that is not easily codi-
fi ed or conveyed. This type of knowledge is best 
imparted through interpersonal contact and experi-
ence. Michael Polanyi, who coined this term, spoke 
about the “we know more than we can tell” phe-
nomenon. Most people have had the experience of 
trying to describe an event to someone who was not 
present, only to be met with a blank look indicating 
a lack of appreciation of the subjective experience 
described. We tend to mutter in response, “you had 
to be there.” The implication is that transference of 
this knowledge requires a shared experience.

Given these different types of knowledge, one would 
expect to fi nd different methodologies for imparting 
each type. Didactic methods optimize the amount 
of explicit knowledge that is imparted. This explicit 
knowledge might be descriptive (knowledge about 
things) or procedural (know-how, i.e., knowledge 
about how to do things). Didactic teaching is typically 
structured and scripted in form. The teacher conveys 
clearly articulated information about skills, rules, 
processes, et cetera. Didactic teaching and learning 
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does not depend on the source of information—that 
source might be a person, a computer, or a book.

On the other side of the spectrum lies experiential 
teaching and learning. Tacit knowledge cannot eas-
ily be imparted through a book, since the source 
of information cannot and does not capture the 
multifaceted gestalt of the knowledge. The only way 
to acquire this type of knowledge is to have experi-
enced it.

When helping a team become a high-performance 
team, it is important to ensure that team members 
possess not only the explicit knowledge neces-
sary (e.g., knowledge about the integrative design 
process) but also tacit knowledge of the experience 
of being part of a high-performance team—what 
we know but cannot tell. The foundation of a high-
performance team involves the knowledge of what it 
feels like to be a member of such a team. To be ef-
fective, this experience should capture all the stages 
of team development and the confl icts or struggles 
that a team and its members experience on the road 
to being a high-performance team capable of func-
tioning effectively and innovatively.

Focus of Activity
Most team-building activities fall somewhere between 
work and recreation focused. While it is not clear that 
engaging in recreational activities as a team is suf-
fi cient to transfer needed knowledge and contribute 
to optimal functioning in the work environment, there 
is undoubtedly a benefi t in terms of employee morale. 
Thus, feel-good activities should not be expected to 
do more than simply facilitate shared positive experi-
ences by teams. Activities that are primarily work fo-
cused may be less fun, but they have the advantage 

of disseminating knowledge that is more readily ap-
plicable to work demands and needs.

All too often, team-building activities fall into two 
quadrants: recreational-experiential and work-
didactic. The latter is frequently associated with 
organizational development. The most relevant and 
important quadrant—work-experiential—is typi-
cally overlooked. The type of activity that would fall 
into this quadrant would be a simulation of a work 
environment. In creating that simulation, one can 
choose to simulate team functioning or, in other 
words, a view of the team at a point in time. More 
relevant would be simulating the process of team 
development; that is, creating a simulation that rep-
licates the developmental stages of a team, 
allows for refl ection and growth, and provides team 
members with the tacit knowledge of being part 
of a high-performance team. (Team workshops 
and charrettes are excellent examples of “work-
experiential” activities.)

Summary
Team-building activities can be classifi ed on two 
axes: method of teaching and learning (didac-
tic versus experiential) and focus of the activity 
(work versus recreation scenario). The information 
and knowledge necessary for teams to develop 
into high-performing ones is primarily tacit. Such 
knowledge, by defi nition, can only be learned 
through doing, through personal experience. Ex-
periential team-building exercises that are work 
focused and allow participants to experience all 
the stages of team development are most ap-
propriate for building and sustaining high-perfor-
mance teams.
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Fostering an Interdisciplinary Process: 
“A Deer in the Headlights”

The Pennsylvania Department of Environmental Pro-
tection offi ce building project just described (DEP 
Cambria) was 7group’s second major green building 
project for DEP, but it represents the fi rst time that we 
made a conscious decision to employ an integrative 
design process. This decision was based on our pre-
vious experience of working with DEP, for whom we 
would go on to work on a total of fi ve projects over 
the years. On each of these projects, there were essen-
tially two clients: the DEP (the building user) and the 
developer (the owner). The developer was responsible 
for designing, building, managing, and leasing each 
building to the Commonwealth of Pennsylvania, earn-
ing his profi t from lease revenues.

It was from these projects, particularly because 
of the complexity of the client relationship, that we 
learned the importance of making sure that all of the 
project team members are convened in an initial ses-
sion about the integrative design process as early as 
possible. Having touched upon this wisdom during our 

fi rst DEP project, we held an early schematic design 
meeting with the DEP Cambria project team members, 
including the project engineers, architect, contractors, 
developer, and DEP representatives. The schema for the 
design emerged as an elongated rectangle consisting of 
a central core and two wings (see fl oor plan in Figure 
2-11). The plan was oriented lengthwise on an east-west 
axis, with the larger wing to the west and the smaller to 
the east. An early decision was made to couple ground-
source heat pumps with underfl oor supply-air-plenum 
distribution; to our knowledge, the building is the fi rst 
in the United States to have done so.

The design architect, one of the 7group partners, 
had decided before this early schematic design meeting 
that the central HVAC equipment should be located in 
a penthouse on the building’s roof. Given that deci-
sion, this early schematic meeting included a discus-
sion about piping and ductwork: specifi cally, how best 
to get the piping from the ground-source heat pump 
well fi eld up to the penthouse and how to distribute 
air ducts back down from the air-handling units into 
the underfl oor supply-air plenums on both the fi rst 

Figure 2-10 The Pennsylvania 
DEP Cambria project is located in 
Ebensburg. Image courtesy of John 
Boecker.
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and second fl oors of this 30,000-square-foot building. 
The team engaged in a back-and-forth conversation, 
discussing where the piping would go, what the size of 
the vertical duct shafts should be, how all of this could 
fi t into the central core, and how to avoid confl icts be-
tween these distribution components and other build-
ing elements such as elevators, structural components, 
sprinkler pipes, and so on. As this discussion unfolded 
over a period of about twenty minutes, the architect 
suddenly realized that this process was not, in fact, an 
integrative design process. Rather, this process of de-
ciding (albeit, as a group) how best to assemble these 
systems amounted to little more than accelerated co-
ordination. Further, he realized that his own decision 
to locate the central HVAC system components in the 
penthouse had been made in isolation from the seat of 
his own discipline, without any input from the other 
disciplines at the table.

The architect stopped the meeting.

Spontaneously, he looked across the table at the 
mechanical engineer, John Manning. “John,” he asked, 
“if you were designing this building, where would you 
locate the central HVAC system components? Where’s 
the best place for the mechanical room?”

Manning was stunned. He sat in silence; later, he 
said that he felt like a deer caught in headlights. The 
architect, noticing Manning’s discomfort, asked what 
was wrong. John replied, “nobody’s ever asked me that 
question before.” Here we had an engineer with over 
twenty years’ experience designing HVAC systems, yet 
never in his career had an architect asked him for his 
expert advice on where to locate the HVAC system 
components and the mechanical room.

It only took a couple of minutes, however, for 
Manning to recover. He suggested placing the eleven 
ground-source heat pump units in two separate me-
chanical spaces on the ground fl oor of the building 
(see Figure 2-11)—six units in one room (serving the 

Figure 2-11 This fl oor plan for DEP Cambria depicts the central core, the fl anking, ground-level mechanical rooms in adjacent west 
and east wings, and the extensions on the ends of these wings to make up for leasable space displaced by these mechanical rooms. 
Image courtesy of John Boecker.
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west wing) and fi ve in the other room (serving the east 
wing). He explained that he could then route supply 
piping from the well fi eld directly up through the slab 
on grade to each of these units, thereby eliminating 
all of the piping up to the penthouse and back. Ad-
ditionally, supply air could be provided directly into 
the fi rst-fl oor air plenum with only a foot or two of 
ductwork in three directions. Further, only fi ve feet 
of vertical ductwork would be needed to supply air 
to the second-fl oor plenum above, thereby eliminat-
ing virtually all of the ductwork that otherwise would 
have been needed to provide supply air from the pent-
house. Further still, Manning noted that since the duct 
runs would be so short, less resistance to airfl ow would 
result, which meant that fan sizes could be reduced. 
Lastly, he explained that instead of facilities staff hav-
ing to climb a ladder in the janitor’s closet to get onto 
the roof and then go out into the snow and rain to 
replace fi lters, compressors, and so on, these activities 
could be performed in an easily accessible, weather-
enclosed space, resulting in signifi cantly improved 
ease of maintenance over the life of the building. 

Manning’s solution was brilliant. The rest of the 
design team marveled at its elegance. In fact, everyone 
loved the idea except for one person, the owner, who 
heard only that he was going to lose 400 square feet of 
prime lease space from the fi rst fl oor of his building. 
Locked into a required minimum square footage of 
lease space, he viewed such an adjustment as impos-
sible. But, after some discussion and calculations, we 
were able to report that this new idea would save him 
$40,000 in base construction costs.

Hearing this, the owner happily agreed to make 
up the lost square footage by adding an inexpensive 
18 inches of length to each end of the building. Ev-
eryone was happy. The signifi cant operational savings 
that would be realized from both energy savings and 
simplifi ed maintenance were, as it turned out, icing on 
the cake. Even the sheet metal contractor, who initially 

balked at the idea of losing all that ductwork (assert-
ing that such a system would never work), said by the 
end of the project that it was the best system he had 
ever installed.

So what is the lesson here? We think that there are 
two. The fi rst is about the roles that we ascribe to our 
separate disciplines. In that meeting, the mechanical 
engineer was asked to think outside his normal area of 
purview. Instead of the architect leaning down from 
Parnassus, saying “it shall be thus,” he instead asked 
the mechanical engineer to step into the architect’s 
role. The location of the mechanical room is always 
chosen by the architect, yet who on the team is more 
likely to understand the best location for the central 
HVAC equipment than the mechanical engineer? 
A major shift in thinking took place by recognizing 
that everyone’s systems interact with everyone else’s; 
hence, everyone’s input about how their systems and 
components interact with everyone else’s is critical 
in realizing the best design. In short, everyone on the 
team should be invited and encouraged to extend their 
expertise beyond their own discipline.

The second lesson addresses the question of why 
the architect had put the mechanical equipment in a 
penthouse on the roof in the fi rst place. When asked 
this question, the architect replied, “because that’s 
what we did on the last project—it’s what we’ve al-
ways done.” If we think about how we normally go 
about the process of design, many such assumptions 
are made, and often these assumptions generate less-
than-optimal results, as was the case in this instance. 
How many times have you heard “that’s how we’ve al-
ways done it,” or “that’s how my father did it, how my 
grandfather did it,” and so on? In order to produce a 
project that was much more effi cient, in terms of not 
only operations but also initial construction cost, a 
willingness to question assumptions was needed. So 
lesson number two can be expressed simply as “ques-
tion assumptions.”
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One commonality that we have found among all 
of our most successful projects is that the usual right 
answers were not simply assumed; rather, assump-
tions were questioned and new answers were discov-
ered through an interdisciplinary process. We should 
not expect project team members to know everything; 
rather, we should expect them to question everything 
they know.

A Team of Colearners and the 
Learning Wheel

Good integration happens through a continuously dy-
namic, iterative process. All issues are addressed early 
and kept in play for as long as possible so that con-
nections and relationships can be optimized. While a 
linear process approaches each problem (and system) 
separately, an integrative process utilizes the varied 
viewpoints of multiple participants to address issues 
from a whole-systems perspective. Through multiple 
iterations, greater understanding emerges, and adjust-
ments and refi nements are made—a process compara-
ble to what the scientifi c community calls “progressive 
approximation.” Exploration is encouraged, helping to 
ensure that the best opportunities are seen and taken 
advantage of.

The Integrative Process can be described simply 
as a repeating pattern of Research/Analysis and Team 
Workshops. The research and analysis stages involve 
team members analyzing systems in progressively 
greater detail between all-hands team meetings or 
workshops. Research and analysis stages also require 
interim integration meetings between various team 
members. This process is described in the “Integrative 
Process Overview” section of Chapter 5, and graphi-
cally depicted by the Implementation Process dia-
gram, used throughout Chapters 5 through 8, to map 
the implementation of an optimal integrative design 
process.

The trick here is managing this process in such a 
way that every person is not around the table at ev-
ery meeting. Each project is unique, so every project 
requires a project-specifi c roadmap (discussed later) 
to make sure that assignments are accomplished and 
issues are addressed by having the right people pres-
ent at the right time. Management of this integrative 
process is critical if money is to be used effi ciently and 
if the energy of team members is to be maintained.

One subtle, yet major, benefi t of this process is a 
signifi cantly higher level of project ownership by all 
team members. When the building owner, occupants, 
operators, builders, and designers are all active partici-
pants in the creation of the design, there is a greater 
level of buy in, since everyone has an opportunity to 
engage and to have their particular issues vetted by the 
entire team. Owners and building users are typically in 
a position of reacting to the architect’s interpretation 
of their needs and desires in our conventional process. 
With an integrative process, though, they become an 
integral part of the creative process, and as a result, 
they embrace the solutions developed more deeply 
and personally (e.g., see Figure 2-12). 

The intgrative process not only produces a much 
more successful green design—and thus lower costs 
over the life of the building—it also saves time, effort, 
and fi rst construction costs. These savings often are a 
surprise to those who, groomed by a traditional pro-
cess, expect a green building to be the product of add-
ing “green stuff” to the building for which they had 
budgeted.

McStain Builders in Boulder, Colorado, for ex-
ample, wanted to improve the environmental perfor-
mance of the homes they were developing in the late 
1990s. Established as the top priorities for the homes 
were: increasing energy effi ciency, addressing materi-
als choices, and improving indoor air quality.

Improving insulation performance and reducing 
air infi ltration were the fi rst strategies considered. To 
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Marcus,

The CUNY Law School Project was cancelled due to failure to obtain phase 2 funding in this year’s legislative 
session. Interestingly however, the project is considered by everyone involved, including CUNY,  to have been 
a success.

Thought you might be interested in what the Associate Dean of the Law School had to say about this project.

David R. Ortiz, P.E. 
Project Manager

DMJM Harris
20 Exchange Place
New York, NY 10005
Tel:  (212) 991-2141
Cell: (646) 208-6409

 From: Gregory Koster [mailto:koster@mail.law.cuny.edu] 
 Sent: Friday, March 30, 2007 2:29 PM
 To: Ortiz, David
 Subject:  CUNY School of Law 

Dear David:

I am writing to commend you and your team for the excellent process that you established for the CUNY 
School of Law expansion project.

First I want to reassure you that nothing I have heard about the cancellation of this project refl ects on the 
quality or direction of the proposals that DMJM Harris was developing. The problem is that this project has 
always been severely underfunded and without a commitment for the Phase II funds it is really impossible to 
proceed with the Phase I construction.

Second, the intensive planning process that you established for this project was a high point of all the projects 
that I have worked on in over twenty years at CUNY.  Having all the subject matter specialists around the table 
from the beginning meant that we surfaced and dealt with issues like the HVAC design—and the long-term 
energy and personnel effi ciencies—in a far more comprehensive way than I have ever seen before. I had great 
confi dence that if we could solve the funding issues the fi nal result of this project would have been the best 
overall design of any Law School building project.

 Finally, it was a pleasure working with you and with each member of your team on this project.  Not only did 
each of you inspire confi dence in your specialty, but each of you was pleasant to deal with—and together 
we seemed to have reached an excellent group dynamic that would have helped us get through the rough 
patches that any project encounters.

I hope that we will have an opportunity to work together again.

Gregory Koster
Acting Associate Dean for
Administration & Finance
koster@mail.law.cuny.edu

Figure 2-12 This email expresses an owner’s response to an integrative process that engages all team members from the beginning, dealing with 
interrelationships across disciplines. Image courtesy of Marcus Sheffer.
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fi nd the best technique, the builders tested three homes: 
one with sprayed cellulose, one with blown-in insula-
tion, and one with fi berglass batts. The best solution, 
which not only increased insulation performance but 
also signifi cantly reduced infi ltration (from 0.5 to 0.2 
air changes per hour), proved to be sprayed cellulose in 
the 2 � 6 wall cavities (as opposed to 2 � 4 walls).

With the building envelope so effectively sealed, 
the team went on to explore other strategies. Instead 
of a western or eastern orientation, they rotated the 
dominant window wall to the south and shaded it 
against high altitude summer solar radiation, reduc-
ing air-conditioning loads by two-thirds. An air-to-air 
heat exchanger was selected for installation and com-
bined into one unit with the air handler, thus saving 
one motor and fan system, and thereby further reduc-
ing energy consumption. The combined effect of this 
heat exchanger, the insulation, and revised orientation 
meant that each home’s entire heating demand could 
be satisfi ed with a quick-recovery, high-effi ciency 
50-gallon hot water heater, which replaced the boiler. 
Ductwork routing, in turn, was simplifi ed, and this al-
lowed more effi cient delivery of air to each room; by 
eliminating 90-degree bends and extra-long runs, ad-
ditional energy savings were achieved.

When all of these strategies had been decided on 
and integrated, the team was proud to announce that 
energy usage would be reduced by a signifi cant 60 per-
cent, with an added cost of just $7,000 per house. Much 
to their surprise, the production manager (who was 
also the owner) did not fi nd this trade-off acceptable. 
Instead, he strongly suggested that the team drop all this 
green “silliness” (imagine a different word here).

The rest of the team felt that $7,000 in additional 
costs in exchange for 60 percent energy savings was 
well worth it—but it was not their money to spend. 
Rather than accepting defeat, however, the team 
searched for a solution. Several people around the 
table began to mentally scan for extraneous costs. 
David Johnston, the project’s environmental con-
sultant, had noticed various gable extensions and 
numerous projections in the design of the house’s 
floor plan, and wondered aloud about the cost per 
corner for these “artful bump-outs.” In response 
to Johnston’s simple question—“how much does a 
corner cost?”—the team paused the meeting to cal-
culate the costs for forming the corners in the foun-
dation, the framing, the sheathing, and the drywall. 
The answer? Each of these elaborate corners had a 
cost of $3,500.

The Learning Wheel
By Alex Zimmerman

Describing what happens—or what should hap-
pen—at all-hands team workshops, when teams 
come together to share what they have accom-
plished since the last meeting and work to move 
forward with the project, is a challenge. When the 
process is done well, the experience seems some-
thing close to magic; when it is not done well, it 
seems very hard and unrewarding.

There is an experiential learning model called the 
Wheel of Learning (or learning wheel), described 
in The Fifth Discipline Fieldbook: Strategies and 
Tools for Building a Learning Organization, Peter 
M. Senge, Art Kleiner, Charlotte Roberts, Rick 
Ross, and Bryan Smith (New York: Doubleday/ 
Currency, 1994), that helps explain the process. 
(See Figure 2-13.)

(continued)
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The learning wheel relies on the observation that 
people learn in a cyclical fashion, moving between 
action and refl ection, between abstract and con-
crete thinking. Project teams learn and make prog-
ress this way as well. This model can be used as a 
tool in integrative design by helping to consciously 
focus the team on each of the stages of the wheel 
before moving on to the next. The value is in taking 
the time to be more thoughtful and to understand 
what is going on before rushing to implementation. 
Moving slowly might actually be a way to learn 
faster.

The wheel consists of four stages: refl ecting, con-
necting, deciding, and doing.

Each workshop should begin with a period of refl ec-
tion about our own thinking and acting. We examine 

what we believe, take time to think about whole-
system processes, get into a “tunneling through the 
cost barrier” mind-set, refl ect on goals and team 
alignment around them, and reaffi rm our commit-
ment to sustainability principles.

The next stage is to make connections to create 
ideas and possibilities for action. We begin by look-
ing at what we have done since the last meeting. 
We can then digest those actions and look for what 
Anita Burke calls catalysts and inhibitors to further 
actions in her work as a sustainability consultant. We 
brainstorm opportunities and solutions and look for 
synergies between them. This is a process of expan-
sion and opening up.

The fi rst two stages are crucial for developing 
shared insight and meaning.

Figure 2-13 Diagram 
of the Learning Wheel 
(applied). Courtesy of Alex 
Zimmerman, adapted from 
ideas presented in Peter 
M. Senge, et al., The Fifth 
Discipline Fieldbook: 
Strategies and Tools 
for Building a Learning 
Organization (New York: 
Doubleday, 1994).
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The incremental cost savings gained by eliminating 
just two corners ended up neutralizing the cost of the 
performance enhancements for the envelope and me-
chanical system—the net fi rst cost was now zero, which 
was quite a surprise for the project’s hesitant owner. The 
team had engaged a colearning process that not only 
resulted in an incredibly effi cient design but also uni-
fi ed the team in devising a fi nal solution good enough to 
overcome even a fl at-out refusal from the owner.

This colearning process is the foundation for sys-
temic change and whole-systems solutions. Without the 
majority of design and building team members aligned 
around what needs to change and why, projects typi-
cally fall back into old patterns, resulting in designs that 
amount to little more than the same old thing with some 
improvements in effi ciency. Taking time for refl ection 
and reinvestigation in meetings will allow new ideas to 
emerge. Alex Zimmerman’s sidebar on “The Learning 
Wheel” explains the simple elegance of this process.

The Composite Master Builder

This process of systems thinking can be applied to 
any situation. As we have seen, none of us can hold 
the whole alone, so we need to embrace a Composite 
Master Builder approach that consists of many people 
working to grow an understanding of the many sub-
systems within the whole system in order to create a 
collaborative intelligence.

Figure 2-14 illustrates conceptually how integrative 
design teams can function as a composite master build-
er. The approach depicted in the diagram differs radi-
cally from conceiving the project team as functioning 
within the traditional hierarchy of our normal, pyra-
midal organizational charts, where each team member 
is housed in a box reporting to another team member 
in another box above. Rather, the composite master 
builder consists of a much wider array of contribut-
ing stakeholders organized in three primary groups but 

From here we move on to making decisions, to win-
nowing the creative possibilities. We are fi ltering 
so that we are left with practical solutions that will 
overcome the barriers. Here we begin to capture the 
business case for our decisions.

The fi nal stage is to settle on the coordinated action 
that must be taken. This is the next step’s stage—
who will do what by when.

Being explicit with the team about the learning wheel 
demystifi es it and helps people to understand where 
they are in the cycle and why a given activity is tak-
ing place when it does. As you work with the wheel, 
you will also notice that different individuals will natu-
rally be drawn to the different stages of the cycle. 

This diversity is a good thing. Everyone has a differ-

ent personality and different skills to contribute to a 

team in addition to his or her professional qualifi ca-

tions. We all recognize those who are impatient with 

process and the required discussion, who just want 

the action to begin. We also recognize those who 

keep introducing new ideas. This model acknowl-

edges both of these styles and legitimizes places 

and times for people to contribute where they can 

do their best work.

The whole cycle is repeated at each of the all-hands 

sessions. The wheel also describes larger cycles 

within the project and, at a high enough level, de-

scribes the whole integrated-systems-process cycle.
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contributing and operating in a more egalitarian circu-
lar pattern. These three primary groups are the client, 
the design team, and the builder, with each group com-
prised of multiple individual stakeholders. The Venn 
diagram in the center illustrates how these three groups 
overlap and intersect throughout a process of collabo-
ration. As a result, the many minds can begin to become 
synthesized into a collective one mind.

An integrative process mandates much more col-
laboration and coordination. It encourages rigorous 

questioning. It challenges typical assumptions and 
rules of thumb from the very beginning of the project. 
Interrelating building and site systems must be ad-
dressed early and questioned before schematic design 
starts or, at the least, while it proceeds. Integrating the 
many systems involved in a building project requires 
that the expertise of each team member responsible 
for each system be brought together for the purpose 
of augmenting the effi ciency and effectiveness of each 
system and team member in relation to one another: a 
team functioning as an organism to design a function-
ing organism.

Shifting from the components mind-set to the or-
ganism mind-set—and from a linear process to an 
integrative one—allows possibilities to increase ex-
ponentially. Suddenly the creativity that each team 
member has been applying to optimizing a single 
component is unleashed and focused on optimizing 
a system of relationships. True transformation can 
occur.

The process of transforming our buildings, our 
sites, our industries, and our conventions will move 
us from the Age of Specialization and toward the 
dawning Age of Integration, allowing us to meet the 
challenges we face. This new age asks us to devote our-
selves to understanding the interrelationships extant 
in the complex systems we inhabit. Developing this 
understanding is essential if we hope to achieve sus-
tainability on any level, local or global.

Figure 2-14 Composite Master Builder. Image courtesy of Bill Reed and 
7group; adapted from graphic by Bill Reed.
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WHAT IS SUSTAINABILITY?

P
ostindustrial society has created, through its prod-
ucts and practices, an amalgamated set of environ-
mental challenges that we now must face together. 

Since a host of these problems can be traced to many 
of the products that we use, much of the current green 
movement focuses on replacing harmful or wasteful 
products with green alternative products, such as non-
toxic paint or energy-effi cient compact fl uorescent 
light bulbs. New technologies are being developed and 
used not only to create these products, but also to mea-
sure the effects of their use and the need for developing 
them. This approach allows us to reduce environmen-
tal impacts in ways never before imagined; however, if 
we are to have any chance of creating a fundamental 
shift in the way that we inhabit the planet, improving 
our products is only part of the story.

c h a p t e r

Reframing 
Sustainability

3

An object seen in isolation from the whole is not 
the real thing.

—Masanobu Fukuoka, Japanese farmer who developed a 
revolutionary method of sustainable agriculture, from The 
One-Straw Revolution: An Introduction to Natural Farming, 

Emmaus, Pennsylvania: Rodale Press, 1978

A good solution solves more than one problem, 
and it does not make new problems. I am talking 
about health as opposed to almost any cure, 
coherence of pattern as opposed to almost any 
solution produced piecemeal or in isolation.

—Wendell Berry, from “Solving for Pattern,” in The Gift of 
Good Land, p. 141, North Point Press, 1981
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In Chapter 2, we talked about the need to develop 
a “living” understanding of the interrelationships be-
tween our increasingly complex building systems and 
components. It is within this perspective of a building 
as an organism that the term sustainability most accu-
rately conveys its intended meaning. Sustainability is 
not a deliverable. Sustainability is not a thing. Sustain-
ability is not simply about effi cient technologies and 
techniques. Sustainability literally is about sustaining 
life—a practice by which living things such as for-
ests, neighborhoods, people, businesses, watersheds, 
mushrooms, microbes, and polar bears contribute to 
the interrelationships that ensure the viability of each 
over the long haul. Jonathon Porritt (former director 
of Friends of the Earth and Chairman of the UK Sus-
tainable Development Commission) offers a straight-
forward (and widely quoted) way to understand this 
term and its intended usage within such a larger per-
spective: “If something is sustainable, it means we can 
go on doing it indefi nitely. If it isn’t, we can’t.”

There is no shortage of examples of human prac-
tices that lack this indefi nite viability—they can be 
seen all over the world. A particularly illustrative ex-
ample can be found in the massive, man-made island 
projects of Dubai. To maximize a certain aesthetic 
beauty (and the lineal footage of waterfront property), 
these islands have been designed in the shape of palm 
fronds from an aerial view and, in another case, in a 
map-of-the-world layout. 

Unfortunately, the creation of such artifi cial and 
arbitrary landforms creates a signifi cant liability for the 
islands’ inhabitants and environs. First, construction of 
the islands themselves severely disrupted marine eco-
systems, potentially threatening the only current local 
food source to these islands. With good intentions, it 
was mandated that only natural materials could be 
used for their foundation and structure (i.e., no con-
crete or steel). This led to dredging sand from the 
ocean fl oor, but there was not enough—they actually 
ran out of sand! As a result, distant dredging occurred 

throughout the Persian Gulf to supply the quantity of 
sand needed, further disrupting living systems patterns 
long into the future. Second, the sole source of potable 
water comes in the form of energy-intensive desalina-
tion plants that further threaten marine life by increas-
ing salt concentrations offshore. With few viable local 
resources, the islands import almost everything (even 
the sand). And, while it is tempting to view these is-
lands as the new standard-bearer for unsustainable de-

Figure 3-1 The Dubai Palms and World projects consist of 
artificially built islands in the Persian Gulf constructed for high-end 
commercial and residential development. In this image, we see (from 
the bottom left) Palm Jebel Ali, Palm Jumeirah, the World (config-
ured to depict a world map when viewed from the sky), and Palm 
Deira, which is in the early stages. Although environmental concerns 
mandated that no concrete be used for these monumental engineer-
ing projects, dredging of the sand needed for the underlying structure 
of the islands depleted the local sea bed, so sand from the northern 
Persian Gulf had to be imported. Image courtesy of NASA.
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velopment, the fact is that they are simply the extreme 
end product of the thinking and development practices 
being perfected all over the world.

There is a growing awareness that the common 
thread linking all of our environmental concerns is the 
enduring viability of the human species. The current 
trajectory of green or sustainable design, though, tends 
to defi ne sustainability as an end point—if 30 percent 
energy savings is good and 50 percent is better, then 100 
percent is sustainable. This quantitative logic is also of-
ten applied to materials selection, water conservation, 
and waste treatment. Yet, when we build, we are not 
only using materials and other resources; we also are 
replacing the natural environment with the built envi-
ronment. More often than not, this entails the destruc-
tion of the natural system of vegetation that keeps the 
soil healthy, allows rainfall to soak into the water table 
and become potable, and provides habitat for other 
species—in short, the infrastructure that sustains life.

Anyone can witness this paving over of the natural 
system by driving through Every City, U.S.A., to see the 

asphalt, concrete, strip malls, and fast-food jungles that 
currently make up much of our habitat. James Howard 
Kunstler refers to this homogenized American land-
scape as “crudscape.” Our current practice is one that 
systematically replaces a self-sustaining system with one 
that requires constant investment, maintenance, and re-
placement. Simply making this practice more resource-
effi cient does not address the root of the problem.

Bill Rees, developer of the ecological footprint 
concept, made this point during his 2007 lecture 
during the Seattle American Institute of Architects 
Committee on Architecture for Education confer-
ence: “Regrettably, most approaches to sustainability 
today—hybrid cars, green buildings, smart growth, 
the new urbanism, green consumerism, recycling—
assume that sustainability resides in greater material 
and economic effi ciency. When absolute reductions 
are required, growing more effi ciently merely makes 
society more effi ciently unsustainable.”

Andrew Rudin expands this idea in his Web-based 
book Effi cology, which is a term he coined to mean “the 

Figure 3-2 Vast areas 
of urban sprawl have 
homogenized America by 
transforming the unique 
character of each place into 
the ubiquitous “crudscape” 
of junk-food jungles. Image 
courtesy of Travis Church.
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study of effi ciency” (www.effi cology.com). An energy-
management consultant who has been surveying build-
ing energy use since 1974, Rudin has collected writings 
from hundreds of authors for the stated purpose of 
helping readers to deepen their understanding of the 
role that effi ciency plays in their lives. He expresses a 
belief that working to improve a system in terms of its 
effi ciency alone can actually have many negative out-
comes, suggesting that improved effi ciency may increase 
personal stress and increase the rate at which we abuse 
natural systems. Further, he points out that improved 
energy effi ciency does not necessarily decrease the rate 
at which we use energy. Reminding us of Bunuel’s Law, 
Rudin states that “overdoing things is harmful in all 
cases, even when it comes to effi ciency.”

Bill McDonough, too, has offered a metaphor for 
working on environmental issues by only improving ef-
fi ciency. He describes it as driving a car south at 70 miles 
per hour when your destination lies to the north. You 
cannot reach your destination by simply slowing down. 
Further, if there is a cliff ahead of you, can you avoid 
going off the edge by merely slowing down? As we in-
crease our effi ciency and engage in “doing less damage,” 
we are slowing down the speed of the car—but we will 
still drive off the cliff; it merely takes us a bit longer.

Slowing down the environmental damage inherently 
created by a fl awed design process will not get us where 
we need to go. Instead, we need a process for develop-
ing the understanding needed to change our course and 
turn around. The fact of the matter is that addressing 
energy savings, water conservation, or waste treatment 
simply is not enough. We might build nothing but LEED 
Platinum buildings with net-zero energy or water use for 
the next one hundred years and still succeed at destroy-
ing the system, or web of relationships, that sustains life 
on the planet. Building in this way cannot be done in-
defi nitely; therefore, it is not sustainable. Trying to pack 
green strategies into an already overburdened process, in 
some ways, is like loading up the car with excess luggage 
as we continue to head toward the cliff.

This is not to say that effi ciency is not important—
it is, and vitally so. Yet it is insuffi cient. To be truly ben-
efi cial, improving effi ciency must be done within the 
context of a fundamentally different process.

THE TRAJECTORY OF SUSTAINABILITY 
PRACTICE

Confucius advised that if we hoped to repair what 
was wrong in the world, we had best start with 
the “rectification of the names.” The corruption 
of society begins with the failure to call things 
by their proper names, he maintained, and its 
renovation begins with the reattachment of words 
to real things and precise concepts. So what about 
this much-abused pair of names, sustainable and 
unsustainable?

—Michael Pollan, New York Times Magazine, 
December 16, 2007, p. 25

When we encounter diffi culty in grasping the concept 
of true sustainability, part of our problem lies in the 
homogenization or blurring of concepts. When we 
speak of green building or design, we most often are 
referring to some technique, product, or technology 
that by some defi nition is better for the planet than 
the alternative. The result is a generic, loosely used 
term that can describe anything from a mind-set to 
a light bulb. The underlying assumption is that if 
something is green it is universally good, when in fact 
the only consistent qualifi er for the use of the term is 
that someone, somewhere, for some reason, has deter-
mined that it is less bad. Is this sustainable?

Figure 3-3 depicts sustainability as existing at the 
“line,” or threshold point, between “below-the-line” ap-
proaches that will ultimately degrade natural systems 
(despite a focus on higher effi ciency) and “above-the-
line” approaches that can restore and regenerate them. 
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Trajectory of Integrative Thinking
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Figure 3-3 Trajectory of Integrative Thinking:

DATA-DRIVEN PRACTICES (fragmented technical approaches)

Limiting the Damage

• Green/High-Performance Design: Design that realizes high efficiency and reduced impact in the building structure, operations, 
and site activities. This term can imply a more technical-efficiency approach to design and may limit an embrace of the larger 
natural system benefits.

Neutral

• Sustainable/Conserving Design: Reaching a point of being able to sustain the health of the planet’s organisms and systems—
including human systems—over time.

PATTERN-DRIVEN PRACTICES (increasingly more whole-living-systems approaches)

Restoration

• Restorative Design: This approach thinks about design in terms of using the activities of design and building to restore the 
capability of local natural systems to a healthy state of self-organization.

Regeneration

• Regenerative Design: This is a design process that engages the whole of the system of which we are part. Logically, our place—
community, watershed, and bioregion—is the sphere in which we can participate. By engaging all the key stakeholders and processes 
of the place—humans, earth systems, and the consciousness that connects them—the design process builds the capability of the 
people to engage in continuous and healthy relationship. There is continuous learning and feedback so that all aspects of the system 
are an integral part of the process of life in that place—coevolution. Tapping into the consciousness and spirit of the people engaged 
in a place is likely the only way to sustain sustainability.

Image courtesy of Bill Reed, Regenesis, and 7group; graphics by Corey Johnston.



46 R E F R A M I N G  S U S T A I N A B I L I T Y

To create a sustainable condition, you must work to 
achieve goals at both levels: limiting the damage that 
we create (below the line) and healing the natural sys-
tem (above the line).

Conventional design primarily concerns itself with 
goals related to aesthetics, comfort, and cost. While 
none of these conventional qualities are mutually ex-
clusive to sustainability, an exclusive focus at this level 
will produce designs that are not even remotely sus-
tainable due to habits and rules of thumb that are al-
ready deeply ingrained.

At the level of high-performance design, we are 
increasingly working to make our human systems 
more effective and effi cient without sacrifi cing con-
cerns relating to aesthetics, comfort, and cost. As 
stated above, this is critically important, particularly 
given that decades of designing without this objec-
tive in mind have left us with the behemoths of re-
source consumption and waste generation that make 
up much of our built environment. However, if we 
stop at this level, our built environment will only 
succeed at being less bad.

At the level of restoration, because we are speaking 
of living systems, it is important to make a distinction 
about the way that living systems work: because life 
evolves and is not static, we can never restore a liv-
ing system to its original condition. When we speak 
of restoration (of a woodland, a riparian system, a 
wetland) we are speaking of restoring a system’s ca-
pability to continuously self-organize and evolve. For 
example, on a project in Arizona, the Game and Fish 
Department told us they were very concerned that the 
proposed development would destroy the desert eco-
system. A member of a family who had been in that 
place for fi ve generations had a different perspective; 
he observed that the ecosystem had already been de-
stroyed. What is now a desert had one hundred years 
ago been a three-foot-high dry grassland prairie with 

running springs. After all, he said, why did my great-
grandfather bring cattle to graze here in the fi rst place? 
In this case, restoration required looking at the system 
from a long-term evolutionary perspective, so that 
work could focus on bringing back the restorative ca-
pability of the place, as opposed to creating some im-
mediately observable “restored” condition.

Regeneration is about designing for the whole: en-
gaging the earth systems, the biotic systems, and the 
people (or human systems) of each unique place in a 
continuous dialogue to support their coevolutionary 
development. To regenerate means to give new life and 
energy to. Sustained life and energy can only happen in 
a whole system. This is not an intellectual nicety—de-
veloping relationships between the living things that 
make up a whole system is required to achieve a truly 
sustainable healthy condition.

The word development in its true sense supports 
this perspective: to develop does not mean to occupy. 
In its many contexts from a number of dictionary 
sources, the word can be used to mean “to bring out 
the capabilities or potential of; to bring to a more 
advanced state; to generate or evolve; to reveal or de-
veil.” Developing can be seen to share its etymologi-
cal roots with “de-veiling.” To achieve true sustain-
ability, we need to focus on developing (de-veiling) 
our awareness, our capabilities, and the potential for 
life to coevolve in each of the places we build.

This is not a new thought or a new practice—just a 
forgotten one, left behind in the wake of reductionist, 
industrial, Age of Specialization, and monocultural 
thinking. The result has produced not only destroyed 
landscapes and systems of life but also a forgetting of 
how life works in each unique place.

A good illustration of an approach that inte-
grates green technology with above-the-line thinking 
comes from the Willow School project in northern 
New Jersey.
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The Technical Story of the Willow School 

A new two-hundred-student, kindergarten through 
eighth grade private school, the Willow School in-
cludes among its three fundamental teaching ob-
jectives the teaching of environmental stewardship; 
consequently, the school sought to make its site a liv-
ing classroom.

A core organizing principle of the project was that 
the design for the treatment and utilization of water 
function like a natural system. The resulting solution 
includes a constructed wetland for wastewater treat-
ment; use of permeable paving, living roofs, bio swales, 
and sixty-thousand plugs of adapted-species meadow 
plantings to reduce stormwater runoff; use of an ex-
tended detention, stepped-pool wetland for stormwa-
ter treatment; and collection of rainwater for irriga-

tion and toilet-water supply. The use of nature-based 
systems design helps demonstrate connections to the 
planet by recognizing the interrelationships with both 
the upstream water and energy sources that supply 
our buildings and the downstream off-site fl ows emit-
ted from our buildings.

A More Compelling and Vital Story of Place™

With the help of our “Story of Place” colleagues at 
Regenesis Group, the Willow School approached inte-
grative design with a mental model that embraced both 
below-the-line and above-the-line aspects of ecological 
practice—both technologies and techniques to support 
effi cient buildings and a living-system approach to ad-
dress community and habitat health by understanding 
the way life has evolved and can evolve in that place. As 

Figure 3-4 The founders 
of the Willow School recog-
nized the unique aspects of 
their site in New Jersey and 
became intent on creating a 
campus that integrated the 
school and its students with 
the local community and 
habitat. Image courtesy of 
Bill Reed.
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such, the project recognized its role as a healing link 
between these two conditions, as a member of a whole 
system with a purpose. 

After a whole-systems site assessment revealed 
the different successions of forest ecosystems present, 
design concepts for the Willow School were created 
with the purpose of restoring the greatest and most 
diverse expression of the forest that had existed. The 
land was replanted with native plants that will help 
recreate the spongelike character of the soil. Tem-
porary deer fencing was installed, as well, to allow 
the diverse ecosystem to reestablish. The forest, cur-
rently at an early order of expression (i.e., low level 
of ecological succession), will evolve to higher levels 
of effectiveness and ever-evolving capability to sup-
port life while it stores, fi lters, and gradually releases 
stormwater. The school campus design provides the 
context for an authentic educational opportunity for 

self-directed, total-immersion learning for students 
and the community via constant monitoring of feed-
back from the system. It is through this learning that 
the possibilities for environmental stewardship can 
be experienced directly and profoundly.

Re-Membering Our Role in Nature

To successfully work above the line, we must move be-
yond doing less damage and work to create new po-
tential for life to evolve. This requires that we develop 
an understanding of how nature works in each unique 
place and, further, that we identify a positive role for 
ourselves as part of nature’s family in that place. One 
serious impediment to this is that we have internalized 
a model that separates humans from nature.

For decades, the primary guiding model for envi-
ronmental advocacy has been protection or conserva-
tion oriented. The accurate perception that the human 

Figure 3-5 The indigenous land-
scaping at the Willow School uti-
lizes native planting for gardens 
and woodlands to restore healthy 
habitat, an ongoing process that 
is studied as part of the student’s 
curriculum. Image courtesy of 
Bill Reed.
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impact on natural systems was almost exclusively neg-
ative over the last two hundred years became translat-
ed into the fi rm belief that the best thing that we can 
do to help the environment is to sequester ourselves 
from it. Still today a large part of our environmental 
strategy is to preserve areas of pristine wilderness to 
keep them safe from human impact. This language, 
commonly used among those who demonstrate the 
highest commitment to environmental concerns, re-
veals a near-universal set of assumptions—primarily, 
that humans are separate from nature.

The notion that the only way to save the planet is 
to keep our hands off it is fundamentally unsustain-
able. Our current awakening to issues surrounding 
global climate change has brought with it the idea that 
we are not truly successful if we succeed at nature’s ex-
pense. Parallel to this idea is the belief that if our only 
environmental strategy is to sacrifi ce our needs for the 
good of nature, the defi cit that we are left with will 
eventually manifest some selfi sh action in the name of 
human survival and viability. We have not succeeded 
until we see ourselves as nature and have designed our 
engagement with nature as a symbiosis by fi nding the 
distinct positive role that we as humans bring to the 
association.

Prior to this modern time, we as indigenous peo-
ple—people in direct association with the land that 
supported us—had a very different worldview. Ac-
cording to Gerould S. Wilhelm, there were at one time 
more than 260 different Native American languages 
spoken in North America, and not a single one of them 
contained a word for nature. This is simply because 
these cultures did not conceive themselves as discon-
nected from natural systems; nature as a separate and 
distinct concept did not exist. This indigenous mind-
set conceives humans as an integral part of natural 
systems, another member of nature’s many symbiotic 
guilds—a participant in maintaining and evolving the 
health of the whole.

In her book Tending the Wild: Native American 
Knowledge and the Management of California’s Natu-
ral Resources (Berkeley: University of California Press, 
2005), M. Kat Anderson writes: “contemporary Indians 
often use the word wilderness as a negative label for land 
that has not been taken care of by humans for a long 
time, for example, where dense understory shrubbery 
or thickets of young trees block visibility and move-
ment.” A common sentiment among California Indians 
is that a hands-off approach to nature has promoted 
feral landscapes that are inhospitable to life. They be-
lieve that when humans are gone from an area for too 
long, they lose the practical knowledge of how to inter-
act with it, and the plants and animals retreat spiritually 
from the earth or hide from humans. “The white man 
sure ruined this country,” said James Rust, a Southern 
Miwok elder. “It’s turned back to wilderness.”

This unfamiliar use of the word wilderness beck-
ons us to consider that perhaps the role of humans 
within the natural system is not unlike that of a bee 
pollinating a fl ower, an oxpecker enjoying a meal of 
ticks from the back of the Cape buffalo, or an animal 
digesting the tough outer skin of a plant’s fruit so that 
its interior seeds may take root in the soil. We are now 
rediscovering the whole system of life in each unique 
place, rather than focusing on the fragmented parts in 
which we have been taught to specialize. We are being 
called to become indigenous once again—to become 
living and contributing members of a particular place. 
We are re-membering.

To our modern minds, this may at fi rst seem daunt-
ing. The idea of discovering how nature works seems, to 
most, mysterious and complex. In reality, though, it is a 
natural product of human experience—developing un-
derstanding. The missing link is not so much an intellec-
tual or moral failure on the part of humans as much as 
a lack of direct experience with the natural systems that 
surround us. The often-quoted statistic that the average 
American spends 80 to 90 percent of their time indoors 
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Figure 3-6 The Eastern For-
est, as we all know it today, is 
the result of being left largely 
unmanaged for nearly 300 years. 
Image courtesy of Bill Reed.

Figure 3-7 This rem-
nant section of Eastern 
Forest is similar to the 
Eastern Forest as found 
by the first European 
settlers stretching from 
North Carolina to New-
foundland, Canada—a 
forest that was 
understood and tended 
by native peoples for 
millennia. Image © 2007 
Jupiter Images. 
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is only part of the issue here, as much of the outdoor 
space we have access to in our cities and communities 
provides only very limited means of experiencing how 
natural systems work. This lack of experience is actu-
ally reinforced by the traditional conservation model 
and mind-set that treat nature with a nonparticipatory 
“hands-off” approach, as if human engagement can 
only degrade nature’s health.

A family that is a client of ours provides an illus-
tration. The family owns many thousands of acres and 
runs a very high-end breeding and milking program 
with special types of dairy cows that they are tran-
sitioning into an organic farming operation. When 
discussing the role of learning how nature works at 
a family business meeting, we explained how native 
peoples in the region used fi re as an integrated forest-
management tool for thousands of years. One of the 
daughters scoffed and asked how the natives could 
have fi gured this out. The older son was quick to point 
out that he himself had fi gured this out when he was 
eight years old. He explained that one of the hay fi elds 
had burned in the autumn season, and for two or three 
years afterwards that hayfi eld had, by far, the richest 
crop yield. This understanding comes about simply by 
paying attention and observing.

Reciprocal Relationships Within the 
Larger System

Pursuing sustainability requires an understanding of 
and willingness to engage in reciprocal relationships—
the process by which living things support and are 
supported by a larger whole. Reciprocal relationships 
are fundamental characteristics of the healthy living 
systems of organisms that form our planet’s ecology. 
In such systems, there is no resource that is not cre-
ated from waste and no waste that is not turned into a 
resource. Each organism’s waste, through natural pro-
cesses such as decomposition and fertilization, creates 
food for other organisms in its ecosystem, as discussed 

in the previous examples. Yet our buildings, even our 
high-effi ciency buildings, consume resources in the 
form of raw materials and emit waste in the form of 
pollution, raw sewage, and garbage. They negatively 
impact both upstream input fl ows and downstream 
output fl ows. This fundamental difference separates a 
sustainable system from an unsustainable one—or, to 
put it more bluntly, it is the difference between a sys-
tem that supports itself and evolves over time and one 
that will eventually destroy itself.

This means that a building cannot simply be high- 
performance and considered sustainable. Elizabet 
Sahtouris addresses this by expanding the buildings-as-
organisms metaphor discussed in Chapter 2. To para-
phrase: Imagining a high-performance building is like 
imagining a high-performance liver; certainly the limita-
tions of that liver are pretty obvious outside the context 
of the whole body. Buildings, neighborhoods, and cities 
are the same. Buildings can be designed as autonomous, 
but they only become meaningful and benefi cial when 
understood as part of the living fabric of their place.

Figure 3-8 Imagining a liver outside of the context of the body’s 
network of interrelated systems is much like conceiving a high-
performance building outside the larger systems of its context. 
Image courtesy of www.med-ars.it.
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Again, this insight is hardly new; but it is being 
rediscovered in multiple related fi elds after over a 
century of being kept alive only in the traditions and 
wisdom of indigenous cultures. Our purpose here is 
not simply to make a point but to apply this insight 
to the process of designing buildings that catalyze 
the health of their neighborhoods and watershed—a 
process that extends our understanding of a building 
project’s context and infl uence beyond its site. Such 
understanding illuminates tangible opportunities for 
allowing the wisdom of natural systems to inform the 
design of our built environment.

THE ROLE OF THE MENTAL MODEL: 
FROM PRODUCTS TO A NEW MIND-SET

We in the building business are generally material ori-
ented in our approach to design. This is understand-
able, because we utilize a palette of products to produce 
our buildings. However, products, as we have seen, are 
of limited value if viewed only as things that are added 
to a building to make it green. Further, the availability 
and performance characteristics of products are typi-
cally in a state of fl ux—especially in the current state 
of green market evolution. When we concentrate on 
these alone as the knowledge base for designing green 
buildings, we fi nd ourselves spending more money 
on our projects as we engage in a continuous game of 
catching up to the latest level of effi ciency.

Using green products optimally requires us to uti-
lize tools, now widely available, to evaluate potential 
designs at the conceptual phase in terms of their per-
formance, costs, effect on habitat and water-system 
health, and building massing, orientation, and zoning. 
Energy modeling programs, Life Cycle Assessment 
(LCA), and LEED are examples of such tools. But 
while these and other tools allow us to look at indi-
vidual products within a larger context, they often are 
underutilized in this capacity.

On one project, we were brought on board in the 
middle of design development for a large offi ce build-
ing to help the project team achieve their green ob-
jectives and LEED goals. At our fi rst design review 
meeting, we asked to see the preliminary energy mod-
eling results that would help us evaluate the current 
design. The HVAC engineer replied, “We don’t do en-
ergy modeling until the end of design development.”

We asked why, and discovered the logic behind 
this choice: The team viewed early energy modeling 
as wasteful; they believed that if they did it before 
the team was fi nished designing, they would have to 
model the building more than once. In their current 
design solution, the architecture had been designed 
without the HVAC engineer’s input pertaining to its 
expected energy performance. Energy modeling—an 
invaluable tool for measuring the combined impact of 
related systems to realize new design potential—was 
being used merely as after-the-fact validation of build-
ing performance in order to earn LEED points.

How can we use such tools in a more meaningful 
and timely way? These assessment tools are discussed 
more fully in later chapters, but for now, let’s just say 
that using these tools at the appropriate times in ap-
propriate ways requires an intentional shift in our 
design process. In the above example, the energy mod-
eling tool was simply added into the existing process 
as another fragment of designing systems in isolation. 
To utilize tools in a way that creates new possibilities, 
we must integrate their use into the design process 
from the beginning in order to inform design deci-
sions. There is no one-size-fi ts-all solution, so we must 
approach the design process itself as a design problem. 
We call this designing the design process. This is in fact 
the primary focus of this book, and how to do this is 
explored in Chapters 5 through 8.

For now, though, we need to recognize that most 
of us feel we are systems designers by the nature of our 
work in delivering complex buildings—but we usually 
are not designing systemically. Instead of looking at 
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the physical elements of the building alone, we need 
to understand the invisible connections between these 
elements (relationships and impacts that are both di-
rect and indirect). These invisible connections and 
patterns may be manifest, for example, in the down-
stream impact of toxicants in building materials, the 
multiple effi ciency and cost relationships between the 
many variables in an HVAC system and the building 
envelope, or impacts on social systems resulting from 
logging practices and other raw material extraction. 
This degree of analysis requires a rigorous level of 
enthusiastic and timely engagement from the partici-
pants and an understanding of the tools used to make 
these evaluations. As discussed in Chapter 1, no one 
person has all of this knowledge themselves; hence, the 
role of the team takes on great importance.

As a result, a different mind-set—or mental mod-
el—is required. This model asks us to be open and will-
ing to change the way we have always done things. This 
change is related to a shift in mind-set from the Age of 
Specialization into the dawning Age of Integration—a 
mental model of exploring interrelationships that con-
tribute to the health and wealth of each unique place. 
Such a mind-set understands place as the human, bi-

otic, and earth systems of a particular location and the 
consciousness that connects them—the whole.

By far, our most successful green projects have con-
tributed to the health of their place because the team 
willingly focused on deepening their understanding of 
environmental issues and the invisible and critical con-
nections within this whole, rather than on the addition 
of technology and products to the building. The team 
was willing to ask many questions about the potential 
benefi cial relationships between all the systems in the 
building, site, watershed, and community. In short, as-
sumptions were questioned. Environmental concerns 
were not secondary, nor were they dominant, just an 
integral part of the design.

Consequently, we need to shift our collective men-
tal model from stuff (i.e., products and technologies) 
to purposeful systems thinking; it is essential to focus 
on the following four aspects from the top down (see 
Figure 3-9) if we are to address the whole:

Mental model

Process

Tools

Products and technologies

MENTAL MODEL
client, design, and building teams’ mind-set, attitude, and will

PROCESS
integrated, all parties engaged—

system optimization through iterative analysis

TOOLS
metrics, benchmarks, modeling programs—
analytical methods for materials and costing

PRODUCTS/TECHNOLOGIES
things and stuff—

technologies and techniques

Figure 3-9 Successful in-
tegrative design requires us 
to shift our collective mental 
model from focusing on 
products and technologies 
to a mind-set of purposeful 
systems thinking. All four 
of the components in this 
mental-model hierarchy are 
necessary, but it is essential 
to focus on them from the 
top down, not bottom up. 
Image courtesy of Bill Reed, 
Barbara Batshalom, and 
7group; graphics by Nadav 
Malin and John Boecker.
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NESTED SUBSYSTEMS

If a problem cannot be solved, enlarge it.
—Dwight D. Eisenhower

Because our buildings are connected to larger systems 
through an exchange of resources and waste, the op-
portunity for true sustainability occurs only when we 
can shift our focus from individual buildings to the 
larger nested systems beyond the building—to the site, 
watershed, community, and larger region. In fact, we 
have found that as we expand our thinking to larger 
and larger scales of system, the possibilities for im-
proved design expand as well. Conversely, if we were 
to generate design solutions within too small a system 
(e.g., within the building itself as opposed to within 
the larger context of the entire site), we would fi nd 
ourselves making compromises due to limited options.

A relatively familiar example is the ground-source 
heat pump (GSHP). This technology integrates the 
building system with the larger site—specifi cally, 
the ground outside the building—to harness the heat-
exchanging capacity of the Earth to the building’s ad-
vantage. An oft-cited study by the U.S. Environmental 
Protection Agency (EPA) in 1993 claimed that “Geo-
Exchange (or GSHP) systems are the most energy-
effi cient, environmentally clean, and cost-effective space 
conditioning systems available.”* Yet, if we limited the 
scope of our thinking to the building itself and not 
its external environment, using a ground-source heat 
pump would not occur to us. The same type of lever-
age can be achieved by working to integrate the project 
with the larger nested subsystems beyond the site. (It 
also should be noted that looking at impacts beyond the 
site might lead teams not to use GSHPs in some cases, 
but more about this later.)

*U.S. Environmental Protection Agency (EPA), Offi ce of Air and Ra-
diation, “Space Conditioning: The Next Frontier,” EPA 430-R-93-004 

(Washington, DC: U.S. EPA, 1993).

The diagram in Figure 3-10 depicts a model that 
can help illuminate the relationship between a build-
ing and these larger systems:

� The fi rst system level: optimize internal building 
systems, or building functions. For example, fi rst 
reduce loads; then choose the most effi cient equip-
ment to satisfy the demand of the initial design’s 
occupancy and load parameters.

� The second system level: optimize the building en-
velope. For example, with proper building orienta-
tion, daylighting, insulation, infi ltration reduction, 
window performance, and so on, the architect can 
participate in reducing the size of an already effi -
cient GSHP by another 30 percent or more (for dis-
cussion purposes).

� The third system level: the site. Use site elements 
to provide shade, evapotranspiration opportuni-
ties, funneling of prevailing breezes, and so on, if 
possible. Additional effi ciency of 5 percent may be 
gained.

Universe

Planet

Region

Community

Watershed

Site

Building Envelope

Building Functions

Figure 3-10 Nested Systems. Image courtesy of Bill Reed and 
7group; graphics by Corey Johnston.
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� The fourth system level: the watershed. Under-

standing natural water fl ows may not have a di-

rect impact on energy but may have signifi cant 

impacts on water issues that indirectly affect en-

ergy consumption (the signifi cant connections 

between water and energy will be explored in later 

chapters).

� The fi fth system level: community. For example, ex-

plore community-level transportation issues relat-

ed to building location; these often have signifi cant 

implications associated with fossil fuel consump-

tion, and hence greenhouse gas generation and 

global warming. In many cases, the transportation 

energy used to travel to and from a commercial 

building exceeds the direct-energy consumption of 

a building by as much as eight times over the life of 

the building.

� The sixth and seventh system levels: region and 

planet. Such considerations dramatically inform 

choices related to a wide range of issues (which 

would require several more books to discuss fully).

Another restoration-oriented example of how 

working with the larger system can allow more highly 

leveraged solutions can be found on a site in a park 

near Baltimore, Maryland, that had a stream fl ow-

ing through it. North of the stream, a large acreage of 

impervious surfaces in the form of buildings, parking 

lots, and areas of turf grass had resulted in periodic 

surges of runoff water during rainstorms. These fl ash 

events created fl ows of water that over time had ripped 

the streambed apart, carrying large quantities of soil 

and nutrients into the Chesapeake Bay. The total sus-

pended solids (TSS) being deposited into the bay were 

considered to be a serious pollutant, as they were caus-

ing increased water temperatures by absorbing light 

and reducing plant life (and therefore oxygen content) 

in the water. Additionally, these solids were fi lling the 

voids in the gravel streambeds, preventing fi sh from 
laying eggs, and smothering insect larvae.

The civil engineering fi rm that was hired to “fi x” 
the TSS issue may have realized that the most lever-
aged solution was to address the problem upstream by 
reducing impervious surfaces and working to restore 
the spongelike quality of the land through the use of 
vegetation that could mitigate runoff from these rain 
events. But that is not generally the way things are 
done, and it was not the approach taken here either, 
primarily because the property boundary of the park 
defi ned the engineer’s scope of work; even if the en-
gineering team had been interested in pursuing this 
solution, they would have found it quite diffi cult to 
address issues that existed on someone else’s property 
(as is often the case).

Without being able to address the runoff prob-
lem upstream, the engineer’s solutions were limited. 
To solve the TSS problem, it was necessary to remove 
the soil from the stream. The engineer then rebuilt 
the stream out of concrete, as depicted in Figure 3-11. 
This may sound like a reasonable solution because, 
given the constraints, it seemed like the only option. 
However, when we try to stabilize nature instead of 
work with its patterns, we will always, always create 
more problems.

First of all, the addition of concrete required the 
removal of more habitat, including the gravel where 
fi sh laid eggs and insect larvae developed. Additionally, 
the water in the concrete stream was so shallow that it 
constantly overheated, creating an inhospitable breed-
ing environment and worsening increased water tem-
peratures downstream. The addition of concrete also 
required that trees be removed from the stream’s edge, 
reducing shade and further increasing water tempera-
tures. The groundwater could no longer be recharged 
by the stream, and the stream was no longer perennial 
due to the resultant lack of groundwater. The leaf de-
bris that had previously served as food for the insects, 
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microbes, and fi sh now needed to be mechanically re-
moved to keep the streamway unobstructed, and the 
surrounding vegetation had to be mowed (with ma-
chines driven by two-stroke internal combustion en-
gines) and maintained to provide access for removal 
of the debris. Mosquitoes proliferated due to a less 

diverse and balanced ecosystem, and property values 
were reduced due to degrading habitat. Finally, in the 
long run, the concrete would eventually be broken 
apart by the natural dynamics of the traveling water, 
meaning that this concrete “stream” would forever be 
a costly maintenance and replacement burden.

Figure 3-11 The original “concrete 
stream,” stormwater conveyance 
system solution for a site in Balti-
more, Maryland. Image courtesy of 
Biohabitats, Inc. 

Figure 3-12 A few years later, the 
newly restored stream partners with 
nature to solve stormwater issues by 
understanding the larger system in 
ways that produce reciprocal benefits 
and contribute to the health of the 
place. Image courtesy of Biohabitats, 
Inc.
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Eventually, in the face of this new set of problems, 
a new solution was found by our colleagues at Bio-
habitats: Figure 3-12 depicts the same place (as Fig-
ure 3-11), only a few years later. The solution was to 
work as a partner with nature to address the underly-
ing causes, rather than the symptoms, of the degrada-
tion. We are now entering a time when we recognize 
that nature and the health of the systems that support 
clean air and water cannot be addressed within the 
boundaries of artifi cial property lines. Consequently, 
the State of Maryland developed reasonable and so-
phisticated rainwater (and stormwater) management 
laws that require properties with impervious surfaces 
to retain rainwater on site for a longer period of time 
and to release it more slowly. This larger systems per-
spective allowed the park to readdress the stream and 
restore it to a self-organizing, complex system. Not 
only is the TSS issue addressed, but also the fi sh are 
back; the ecosystem is more diverse and healthy; the 
water table is recharging; groundwater is clean after 
being fi ltered through microbes in the plants’ roots; 
maintenance costs are lower; and, as one can imagine, 
property values are higher, too—which image (Fig-
ure 3-11 or Figure 3-12) would you rather see? All of 
these benefi ts are in essence free services provided by 
natural systems, once engaged by a mental model that 
recognizes the interrelationships within the larger 
system.

These larger systemic relationships must be con-
sidered on each individual project. Sometimes the best 
solution will be counterintuitive due to the project’s 
unique context. For example, one client—a private 
school in the northeast United States—expressed the 
desire, during the design development phase, to pursue 
LEED certifi cation. The contractor was on board and 
had already ordered a ground-source heat pump sys-
tem for the school. On the surface, it seemed like an ob-
viously good choice, since, as we have seen, GSHPs are 
an extremely effi cient way to heat and cool a building.

Or, rather, we should say that GSHPs are an effi -
cient way to heat and cool a building with the proper 
subsurface geology, heat-transfer, and building-use 
patterns. The real effi ciency for a ground-source 
heat pump application in the Northeast occurs in 
the summer months due to the limited temperature 
differential between indoor and average outdoor 
temperatures—the smaller the temperature differen-
tial, the less energy is required to achieve the desired 
temperature.*

One of the aspects typically addressed in energy 
modeling is the pattern of building occupancy. When 
we asked about building occupancy patterns for this 
project, the client told us that the school would not 
be open or in use during the summer months. This 
meant that the ground-source heat pumps would not 
be operating during the time of the year when they 
would be most effective. When we asked the client why 

*GSHP systems are most effi cient during cooling mode in the North-
east, since the temperature differential (delta-T) of around 15°F be-
tween the constant below-grade earth temperatures (approximately 
55°F) and indoor thermal comfort ranges (perhaps 68°F to 72°F, or 
70°F) is far closer to the 10-degree delta-T between the targeted 70°F 
indoor temperature and ambient summer temperatures (perhaps 80°F) 
than the 50-degree delta-T between the targeted 70°F indoor tempera-
ture and ambient winter temperatures (perhaps 20°F). In fact, in some 
climates—and particularly with a private school that does not operate 
in the summer—this type of cooling may be unnecessary. If this is the 
case, a GSHP may offer a limited benefi t, based on initial cost consider-
ations and a true reduction of global climate change impacts. For heat-
ing, natural gas can be burned on site in a boiler with greater than 90 
percent effi ciency. Since the production of electricity ranges from 25 to 
33 percent effi cient, and the GSHPs have a Coeffi cient of Performance 
(COP) of 3.3 when the whole system is evaluated, on-site energy ef-
fi ciency is only slightly greater for the GSHPs (about 110 percent). If 
the majority of the electricity is produced from fossil fuels (primarily 
coal in the Northeast), CO2 emissions will be four times greater for the 
GSHP system as compared to the gas boiler, despite the slightly better 
effi ciency of the GSHPs. From an overall greenhouse gas contribution 
perspective in this case, the GSHPs not only cost more than a conven-
tional system, but they contribute a greater (at best, equal) burden on 
the regional and planetary ecosystem. Hence, GSHP systems are not 
always the best investment from the standpoint of fi rst cost, operating 
cost, and environmental cost.
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he was using a GSHP system at all, his response was, 
“because it’s effi cient!”

With the school not operating during the months 
when this system would be most effective, there was 
no great benefi t in spending the extra money for the 
well system necessary to transfer the heat load. It 
turned out that installing a very effi cient gas boiler 
to take care of the heating needs would be more ef-
fi cient from an energy perspective and would lower 
(or at least equal) the contribution of greenhouse gas 
emissions generated by the region’s coal-fi red power 
plants (see footnote, p. 57). The lesson here is that it is 
important to consider the whole before designing in-
dividual systems. The purchase of a GSHP before ana-
lyzing connections with larger systems provides just 
one simple example of why this kind of analysis (and 
mind-set) is important.

The key, once again, is that we work to optimize 
the whole system, within a larger context. All relation-
ships should be identifi ed for optimal results—do not 
value-engineer individual components, since there are a 
number of nested relationships within the larger whole 
system that impact the selection of systems in a devel-
opment project. Using the above example of the school 
again, a design team may assume that a ground-source 
heat pump is one of the best choices (in terms of ef-
fi ciency) for the provision of occupant comfort in the 
school. While this may appear to be true when com-
paring equipment effi ciencies at the building system 
level, a number of larger-scale issues need to be inte-
grated to properly optimize the system choice and size. 
A decision tree that addresses nested subsystems, as de-
scribed above, is used to lead the design team through 
larger system scales. These potentially can yield more 
intelligent decisions in relation to environmental con-
cerns—decisions can be made that have much more 
positive environmental infl uence than if left within the 
traditional boundaries of discipline-focused building 
design.

SOLVING FOR PATTERN

It is the nature of any organic pattern to be 
contained within a larger one. And so a good 
solution in one pattern preserves the integrity of 
the pattern that contains it.

—From “Solving for Pattern,” in The Gift of Good Land, 
p. 144, Wendell Berry, North Point Press, 1981

Developing mutually benefi cial relationships between 
humans and nature (i.e., the whole) allows us to ben-
efi t from the free services provided by natural systems. 
This means using fewer materials and technologies in 
constructing our buildings, which in turn means that 
there is less to go wrong, less work involved, less cost, 
and better performance—all of which are products 
of the same design mentality. All refl ect what farmer-
poet Wendell Berry calls solving for pattern—fi nding 
solutions that are “good in all respects,” solutions that 
improve not just the part that seems to be the problem 
but all parts of the system that contains it—all com-
ponents of all subsystems. As Village Homes developer 
Michael Corbett put it, “You know you are on the right 
track when your solution for one problem accidentally 
solves several others. You decide to minimize automo-
bile use to conserve fossil fuels, for example, and realize 
that this will reduce noise, conserve land by minimiz-
ing streets and parking, multiply opportunities for so-
cial contact, beautify the neighborhood, and make it 
safer for children.” Corbett was solving for pattern. As 
Christopher Alexander teaches in his famous design 
text, A Pattern Language: “When you build a thing, you 
cannot merely build that thing in isolation, but must 
also repair the world around it, and within it, so that 
the large world at that one place becomes more coher-
ent, and more whole; and the thing which you make 
takes its place in the web of nature, as you make it.”

Further, when we look for the natural patterns 
that have shaped a place over time, new possibilities 
for responsible development are revealed. This was the 
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case on a recent project in Idaho. The aerial photo in 
Figure 3-13 depicts approximately 3,500 acres of cur-
rent farmland along the eastern edge of the Big Hole 
Mountains (just west of the Grand Tetons) that was 
being considered for development. Looked at closely, 
this photo reveals that farming was superimposed on 
top of an alluvial fan between the stream in the moun-
tain valley (top center of the photograph) and the 
river. When viewed from the air, the ghost of a delta-
like pattern remains barely detectable, revealing the 
underlying pattern of alluvium deposition formed by 
the stream “fi rehosing” from the base of the moun-
tains across the plain over the course of millennia. The 
remnant of one remaining stream (to the right in the 
photograph) can be seen running out of the valley in 
the center of the mountain range.

Originally, this mountain watercourse and al-
luvial fan supported beaver, otter, native cutthroat 
trout, salmon, turkeys, grouse, and mega-fauna such 
as deer, elk, and moose. These animals were all re-
sponsible for carrying nutrients back upstream into 

the mountains to feed the forest and diversify the 
terrestrial and riparian ecosystem. The abandoned 
stream courses can be seen in the aerial photo as 
depressions—spreading out in a radial pattern from 
the point at which the mountain stream meets the 
plain—again, barely visible at fi rst glance from the 
air and nearly impossible to discern from the ground 
without soils mapping. (The soils mapping of the 
same place, as seen in Figure 3-14, reveals the pattern 
more clearly.) Before farming took place here, these 

5 Figure 3-14:  Soils map 
of the land depicted in Figure 
3-13, demonstrating that 
streams were present on the 
site before farmers diverted 
them. Image courtesy of Tim 
Murphy and Bill Reed.

3 Figure 3-13 The ghost of 
an alluvial fan (comprised 
of multiple stream channels 
formed over millennia) is 
barely visible beneath the 
grid of farm fields adjacent 
to the Teton River on this 
project site in Idaho. Image 
courtesy of Tim Murphy and 
Bill Reed.
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radiating streams served as corridors for wildlife 
moving back and forth between the mountains and 
the river. When farmers settled the land, they divert-
ed this perennial stream along the highest possible 
course (in elevation) to irrigate fi elds and gridded 
over a highly productive and robust prairie ecosys-
tem. This action severely simplifi ed and destabilized 
the ecosystem that once was there. The farming pat-
tern did not preserve the integrity of the pattern that 
formed this land and gave it the health that allowed 
farming in the fi rst place; rather, this larger healthy 
pattern was obliterated, leaving only a ghost. 

If we simply were to use a broadly defi ned “green 
strategy,” applied abstractly from a green building 
rating system program to this place, we likely would 
strive to save these farms. Using LEED, for example, 
we could get a point for doing so. Often this is a good 
idea. However, in this case, the row-crop agriculture 
currently being practiced has signifi cantly downgrad-
ed this ecosystem by cutting off the stream fl ow and 
the connectivity of a diverse animal nutrient exchange 
process, not to mention the increase in nitrogen con-
centrations and other pollutants now being deposited 
into the river from runoff across these fertilized fi elds. 
The ecological function of this alluvial fan, and one 
of the core patterns of the ecosystem in this place, is 
that of a “living bridge” between the mountains to the 
west and the Teton River. By signifi cantly reducing 
irrigation and row-crop farming, the patterns of the 
original ecosystem could be restored, thus allowing 
this living bridge to work as nature intended, thereby 

bringing health back to both the adjacent river on the 
east and the foothills to the west.

The options for accomplishing this include: invest-
ing a lot of grant money to support the farmers (now 
economically unviable) in changing their farming prac-
tices; fi nding a nonprofi t to buy the land as conserva-
tion easements (unlikely); or encouraging respectful 
human development to initiate the healing process. In 
this case, the process of developing human habitation 
actually could become a means of healing this place, 
because the development of homes in clusters could be 
used to pay for the restoration of the stream and habi-
tat corridors that originally connected the Teton River 
and the mountains. Further, creating carefully delin-
eated covenants that require open and unfenced spaces 
in specifi c locations, large habitat corridors, and native 
species planting (perhaps also with some local and/or 
organic farming to support the inhabitants of the hous-
ing), would allow for the maintaining of these newly re-
formed habitat and stream corridors—and the water 
would now become available again, because large-scale 
farming is no longer using it for irrigation. The stream 
fl ow and the connectivity “bridge” of nutrient exchange 
could become regenerated, catalyzed by humans solv-
ing for pattern to generate health and life in a process 
of coevolution. This project reveals that it is possible 
for humans to participate in regenerating the health of 
an ecosystem through development. Development, in 
this context, can be seen as creating new potential—and 
creating new potential, in turn, can be seen as the real 
purpose of development.
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Caminante no hay camino; se hace camino al 
andar. (The road is not made; we make it as we 
walk along.)

— Antonio Machado

INTRODUCTION TO THE DISCOVERY PHASE

A
s discussed, we typically jump immediately into 
design once the building program has been estab-
lished. We fi nd, though, that if we are to create an 

integrative process from the beginning, there is some-
thing more to discover before we start drawing.

With this in mind, we recently asked the follow-
ing questions at the beginning of an international 
corporate headquarters project. Here is a paraphrased 
account of the discussion that occurred with the ex-
ecutive vice president of the company:

c h a p t e r

Aligning Values, Purpose, 
and Process

4

Conservation is a state of harmony between 
[humans] and land. By land is meant all the things 
on, over, or in the earth. Harmony with land is 
like harmony with a friend; you cannot cherish 
his right hand and chop off his left. That is to 
say, you cannot love game and hate predators; 
you cannot conserve the waters and waste the 
ranges; you cannot build the forest and mine 
the farm. The land is one organism. . . . A land 
ethic, then, reflects the existence of an ecological 
conscience, and this in turn reflects a conviction 
of individual responsibility for the health of the 
land. Health is the capacity of the land for self-
renewal. Conservation is our effort to understand 
and preserve this capacity.

— Aldo Leopold, A Sand County Almanac, New York: 
Oxford University Press, 1949, p. 176 and p. 236
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Why do you need this building? (Bear with us, we 
know this seems obvious.)

We need more space.

Why do you need more space?

To house our growing workforce.

Why do you need to house the workforce?

To achieve a higher level of effective communica-
tion and esprit de corps.

Why will they interact better if you build the design 
concept that’s already up there on the wall?

After thirty seconds of silence, the executive vice 
president exclaimed that we had just saved him thirty 
million dollars. Obviously curious, we asked him how. 
He explained that having just been asked to refl ect on 
how his workforce would interact as a result of the de-
sign concept, he suddenly realized that a full quarter of 
the company’s staff got no benefi t at all from the build-
ing. These information technology (IT) and call center 
department members wore headphones all day long, and 
communicated with each other either over the phone or 
electronically. They only got together face-to-face for a 
staff meeting once a week, and they would likely much 
rather avoid the commute and work from home.

After coming to this realization, the owner chose 
to build a building that was 25 percent smaller, which 
equated to a 150,000-square-foot reduction. This is 
not a bad way to begin a discussion about environ-
mental building—our questions had just opened the 
possibility for seriously reducing the environmental 
impacts of this building, not to mention saving the 
client a huge amount of money. Here, our approach to 
sustainability started with building less.

It is worth noting that diminishing resource con-
sumption is not the same as increasing effi ciency. In 
1865, Stanley Jevons remarked upon this distinction: 
“It is a confusion of ideas to suppose that the econom-
ical use of fuel is equivalent to diminished consump-

tion. The very contrary is the truth.” * The mental 
model that governs the practice of “building our way 
to sustainability” by achieving higher and higher levels 
of effi ciency, as discussed in Chapter 3, still leads to an 
unsustainable condition.

The role of the question is fundamental to learn-
ing. Few of us internalize anything of value until we are 
ready to ask a question. That is why our predilection 
for focusing on products and technologies is perhaps 
the slowest way to achieve market transformation—
when a technology is proposed as a solution to a green 
building issue, we are in effect saying we have the an-
swer for you. But do we? Have we made assumptions 
about the need? Have we asked the right questions 
in the fi rst place? If our goal is to create a sustainable 
condition, what are the questions that we need to ask? 
What is the process for fi nding the answers? We have 
found that before we create design solutions, we must 
engage in a process for fi nding the right questions. We 
call this the discovery phase.

THE FOUR Es

The discovery phase is the foundation of an integrative 
process. Before we make any real decisions about the 
actual physical building being designed, it is critical to 
create a foundation for working together in an inte-
grative process.

The discovery phase of design can be summarized 
with the Four Es:

Everybody

Engaging

Everything

Early

*Presentation by William E. Rees, PhD, FRSC, entitled “Sustainable Cit-
ies: An Urban Myth? Or Getting Serious about Urban Sustainability,” at 
the American Institute of Architects Committee on Architecture for Edu-
cation Fall Conference in Seattle, Washington, September 16, 2007.
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In other words, every team member should be 
engaged in discussions and setting performance goals 
for every system and issue to be considered as early as 
possible in the project.

Rather than imposing solutions onto the team and 
the project, it is important to work to discover solu-
tions through a process of colearning in which we ask 
the right questions. To successfully discover what the 
design must look like, we must work together to see 
key relationships—relationships between building 
systems and the work of design team members, along 
with relationships between the project and the larger 
systems it inhabits. To illuminate these relationships, 
we must from the outset:

� Question assumptions.

� Create alignment.

� Foster an iterative process.

QUESTIONING ASSUMPTIONS

To embark on successful discovery, we must fi rst remove 
presupposed answers or solutions in order to have a 
clear view of all possibilities. Often we think we know 
the answers. But do we? We assume that technologies 
are the answer, or we fall back into what we have done 
before, what is familiar—like the mechanical penthouse 
on the roof of the Pennsylvania DEP Cambria project 
described in Chapter 2. We begin designing without 
fi rst checking in on the beliefs and philosophies that are 
always beneath the decisions we make, whether they are 
spoken or remain unspoken. We simply do not allow 
ourselves the time to reveal our assumptions. Some-
times these assumptions are so deeply ingrained that 
we do not even recognize them as assumptions.

On a project in the late 1990s, we were brought 
in by the board of New York State’s Syracuse Zoo to 
help them design and build a 20,000-square-foot edu-

cational facility within the zoo complex. The executive 
director and board stated that they wanted to con-
struct a LEED Platinum building (this was before the 
offi cial launch of LEED); moreover, they wanted it to 
be “the most advanced environmental building in the 
United States.” They were clear and fi rm in their com-
mitment to environmental responsibility.

The zoo was prepared to move the program into 
a new structure and out of their large existing build-
ing. We felt that we could not ignore the potential for 
renovating this existing underutilized structure in lieu 
of constructing an entirely new building under the 
principle that building less—or not at all—is gener-
ally the most environmentally responsible choice. We 
proposed this idea to the executive director, and she 
explained that the board wanted this new “gateway” 
building to establish a new image for the zoo, and all 
fund-raising efforts had been centered on this idea. 
The notion of using an existing building to create that 
new image was a nonstarter.

Our team was concerned that ignoring this pos-
sibility was in direct confl ict with the stated goal of 
environmental responsibility. A week later, we ap-
proached the executive director again, requesting that 
we be permitted to at least perform a feasibility study 
and cost-benefi t analysis for renovating the existing 
building. The answer was another and fi rmer “no.” 
It remained impossible for our team to reconcile this 
approach with the stated environmental objectives; so 
we raised it one more time. The response we received 
was, “You’re the architect, we’re the client—drop it.”

Soon afterward, a two-day goal-setting and de-
sign charrette was convened, which was attended by 
all twenty-one members of the board of directors, the 
MEP (mechanical, electrical, plumbing) engineers, civil 
engineer, contractor, and several additional architects to 
assist in facilitating breakout sessions. The program was 
presented on the morning of the fi rst day. One of the 
attending architects, unaware of our repeated attempts 
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to broach the topic, noted the existing underutilized 
structure and asked, “So why are we building a new 
building?” In the open-exploration spirit of charrettes, 
without asking permission, we made the spur-of-the-
moment decision to ask that architect to take a third 
of the attendees into a separate breakout group and ex-
plore the possibilities in renovating the existing build-
ing, while the other two groups examined possibilities 
for the design of a new structure.

The breakout groups presented their fi ndings that 
afternoon. By the end of the day, all twenty-one board 
members realized that they could achieve their goal of 
creating a beautiful building by renovating and adding 
a second fl oor to a portion of the existing structure, 
and agreed that a new building was the wrong deci-
sion. Prior to this, they simply could not imagine that 
such a solution was possible.

Unfortunately, the project’s contractor, who had 
built the original building, informed the team that 
adding the second fl oor would require underpinning 
the foundation, an expensive proposition. The board 
of directors, realizing that they did not have the bud-
get for this, reluctantly reverted to accepting that it 
was not possible to add a second story to the existing 

building. The team ultimately discovered a compro-
mise position, concluding that the most viable ap-
proach would be to renovate the existing building and 
construct an addition of only 10,000 square feet rather 
than building a new 20,000-square-foot facility.

In this example, the integrative process challenged 
deeply held assumptions, eventually leading to a better 
solution (both environmentally and functionally, not 
to mention aesthetically and economically). Sitting 
down with all stakeholders to question their assump-
tions early in the process was the key to successfully 
achieving the project’s purpose and goals.

CREATING ALIGNMENT

Aligning the Team

With the diversity of individuals usually present 
around any design charrette table, it is a given that we 
will have a diversity of values, opinions, expectations, 
and perspectives. This diversity can be either an as-
set or a liability, depending on how it is managed—
depending on the process. Often, project success is im-
peded by lack of alignment around common purpose 

Figure 4-1 The Syracuse Zoo in Syra-
cuse, New York, wanted a new building 
that would be as environmentally respon-
sible as possible and found that pursuing 
an addition-and-renovation project 
instead resulted in a net reduction of 
10,000 square feet of new construction. 
Image courtesy of Bill Reed.
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and a commonly understood process. Over time we 
have found that when trying to introduce a new and 
unfamiliar way of thinking and designing, an inten-
tional process for helping clients and team members 
understand how and why the design process must be 
employed differently is critical.

A major university wanted to build a teaching lab-
oratory building and achieve LEED certifi cation. Very 
early during the initial LEED goal-setting charrette, 
which was attended by the entire design team and 
the owner’s representatives, the owner and architect 
became excited about incorporating operable win-
dows to allow natural ventilation during spring and 
fall shoulder seasons in order to signifi cantly reduce 
energy consumption. The campus energy specialist, 
from the university’s facilities group, championed the 
idea with articles describing teaching labs at other uni-
versities that had incorporated such strategies under 
similar climatic conditions. Later in the day, the idea 
was again embraced enthusiastically during the setting 
of performance targets—and, yet again, the team re-
inforced their desire to pursue this strategy during a 
discussion revolving around the LEED credit for con-
trollability of thermal comfort systems.

All of a sudden, maybe because he realized that the 
team was really serious and committed to employing 
operable windows, the HVAC engineer slammed his 
hand on the table and exclaimed, “We are NOT using 
operable windows for a lab project on my watch!” His 
outburst was met with stunned silence. The meeting 
lost its energy and focus, and then devolved into a long 
recovery process that focused primarily on trying to 
convince the HVAC engineer that this approach was 
possible—without success. Unfortunately, after two 
hours of scrambling, the team’s excitement about the 
idea defl ated, and the idea was lost.

It was evident that this engineer was bringing dif-
ferent perspectives and expectations to the project that 
were not aligned with the team’s goals and purpose. 

In short, even though the stated objective was to pro-
duce a green building, his primary concern was that 
he not make himself vulnerable to a potential lawsuit. 
While this was a legitimate concern, we missed the op-
portunity to get this on the table right up front and 
perhaps discuss the idea of indemnifi cation. We could 
have addressed this concern throughout the day had 
we openly solicited each team member’s aspirations 
more directly and explicitly. Instead, by the time the 
engineer’s concern emerged, it trumped the team’s 
alignment around an implicitly assumed and different 
purpose. Unfortunately, this concern was too deeply 
rooted and hence remained unresolved, resulting in 
the loss of a signifi cant opportunity.

Too late (at least for this project), we realized that 
we could have engaged a much more dynamic and open 
discussion about the real issues and potential impacts 
(such as short-circuiting the cooling system, maintain-
ing thermal comfort conditions, and additional costs 
for automatic window controls) behind the engineer’s 
concern about this particular strategy. Had we more 
explicitly addressed each team member’s values, as-
pirations, and objectives very early on—and reached 
consensus (thereby alignment) around them—before 
getting into a more detailed exploration of technolo-
gies and strategies, we may have been able to align the 
team around implementing this single strategy of using 
operable windows to help achieve a number of their ob-
jectives. Such objectives might have included reduced 
energy consumption and greenhouse gas emissions, 
increased thermal comfort control, better ventilation, 
increased connection with the outdoors, and so on. 
Armed with such explicitly identifi ed values and aspira-
tions around which the team had aligned and commit-
ted, we likely would have had a much greater chance of 
discovering—or at least discussing—creative solutions 
that might have placated the engineer’s concerns with-
out busting the budget.
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Other teams have done so. The Chesapeake Bay 
Foundation headquarters in Annapolis, Maryland, 
used a novel technique for using operable windows 
to achieve the aspirations mentioned above and to re-
duce energy use while minimizing any short-circuiting 
of the cooling system. The control system they used is 
simple: when the outdoor temperature and humidity 
are within predetermined comfort ranges, an illumi-
nated sign that reads “Open Windows” comes on, and 
the cooling system shuts itself down. Then, reading 
the sign, the occupants crank open the windows.

Aligning with the Client

Creating alignment is also critical to the client relation-
ship. Recently, a husband and wife development team, 
Sandra Kahn and David Leventhal, invited us and our 
colleagues at Regenesis Group to work with them on 
the design of Playa Viva, an ecoresort on land they 
had recently purchased and come to love on the west 

coast of Mexico. The purpose of our fi rst visit was to 
understand the nature of the socioecological system 
and patterns of how life works—and has worked—in 
that place. This assessment of the land and bioregion 
examined soil types, geological and archeological his-
tory, aspirations of the villagers, cultural relationships, 
habitat, hydrology, and so on; in other words, we began 
by looking for large-scale patterns and relationships 
beyond the boundaries of the property that would be 
impacted signifi cantly by the project’s development. 
When we reported our fi ndings at the charrette, San-
dra became quite upset, because we had not specifi cally 
addressed an issue she had expected to be important 
in a natural history assessment—a signifi cant tree that 
was meaningful to her in a key area of the property. 
This was a major misstep from her perspective.

David took this opportunity to pause the charrette 
for the purpose of making sure that the whole team, 
including his partner, was aligned around the same pro-
cess. Sandra was upset because we were using an un-
familiar design process that was not in alignment with 
her expectations. In other words, she had expected us to 
focus on certain trees and specifi c issues on the site, not 
the larger systemic interrelationships. David, however, 
had spent some time on the land with Tim Murphy, a 
systems ecologist and permaculturist; he understood 
that a different process was necessary to achieve the 
project’s ambitious sustainability goals. So, during the 
break in the charrette, we engaged the management 
team in a long discussion about the process that would 
need to be implemented to understand the larger eco-
system well enough to achieve their stated objectives. As 
a result, this management team became aligned around 
the process we had outlined for addressing larger-scale 
impacts, and the charrette continued, ultimately result-
ing in a successful, integrative design process. A more 
intentional means for creating alignment during char-
rettes and workshops is discussed later in this chapter 
under the heading “The Touchstones Exercise.”

Figure 4-2 The Chesapeake Bay Foundation Headquarters, An-
napolis, Maryland, design team resolved the dilemma between HVAC 
efficiency and operable windows by installing sensors and controls 
that shut down the mechanical system and light a sign instructing oc-
cupants to “open windows” when outside air temperature and humid-
ity conditions are appropriate. Image courtesy of Marcus Sheffer. 
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Figure 4-3 The Playa Viva ecoresort in 
Juluchuca is being constructed along 
this lagoon on Mexico’s west coast. 
Image courtesy of David Leventhal, Playa 
Viva, http://www.PlayaViva.com.

Figure 4-4 This site plan rendering for the 
casitas at Playa Viva resulted from examining 
large-scale bioregional patterns and relation-
ships beyond the project property, resulting in a 
“tree-house structures” concept that minimally 
disturbs the site’s natural water flows and helps 
restore the ecosystem of the damaged coastal 
sand dunes. Design by Regenesis and Ayrie 
Cunliffe. Drawing by Ayrie Cunliffe. Image cour-
tesy of David Leventhal, Playa Viva, http://www.
PlayaViva.com.

Figure 4-5 Rendering of the tree-house 
concept for Playa Viva’s casitas. Design 
by Regenesis and Ayrie Cunliffe. Draw-
ing by Ayrie Cunliffe. Image courtesy of 
David Leventhal, Playa Viva, http://www.
PlayaViva.com.
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FOSTERING AN ITERATIVE PROCESS

An iterative process allows communication at every 
level, so that each team member’s design decisions 
can be informed by an understanding of how their 
work relates to the whole. It is through iterations of 
developing holistic understanding informed by other 
disciplines that we can create the Composite Master 
Builder approach described in Chapter 2.

The civil engineer at the Willow School in New 
Jersey had proposed a stormwater management sys-
tem consisting of a dry well with concrete pipes and 
culverts, along with a septic system to meet local 
building codes. At the end of schematic design, two 
additional team members were brought into the proj-
ect, one to address the restoration of soil and habitat 
and the other to explore alternative ways to treat hu-
man waste. For a few weeks, these two consultants did 
their research and analysis independently of the team.

At the next team meeting they reported their fi nd-
ings. The soil percolation, it turned out, could be signif-
icantly improved by restoring the spongelike character 
of the soil that once supported the original forest before 
poor agricultural practice ruined its water recharge ca-
pability. On the issue of waste treatment, our specialist 
suggested replacing the approved septic system with a 
constructed wetland system that would clean the waste-
water to drinking-water quality. At this meeting, it was 
suggested that the civil engineering infrastructure could 
be substantially reduced given these insights.

However, the civil engineer was not interested 
in changing his design because these new ideas were 
unfamiliar and untested in the state. After three more 
meetings and review of suggested readings, the civil 
engineer still refused to change his original standard 
design; he just could not get his mind around these 
different concepts. Finally, in frustration, we told the 
engineer to try designing the site’s rainwater manage-
ment without using any pipes, catch basins, or curbs.

A week later he came back with an excellent solution. 
Fifty percent of the infrastructure had been replaced 
with vegetated swales and rain gardens, taking into ac-
count the new habitat that was to be planted. The only 
pipes needed were for areas where the swales would have 
disturbed tree roots on one side of the road or the other, 
and where water would have sheeted across the driveways 
in winter and turned to ice (see Figures 4-6 and 4-7).

Without the input from these other disciplines 
and the ultimate acceptance of these ideas by the civil 
engineer, we might have been left with a more costly 
and less environmentally effective solution. Using nat-
ural systems in place of hard construction and honor-
ing the way water “wants” to work is almost always the 
best choice. The constructed treatment wetland sys-
tem that was implemented will be discussed later. 

Iterating across disciplines with all stakehold-
ers and team members early in the process is key—
through an interdisciplinary approach, opportunities 
for deeply integrating potential solutions at increasing 
levels of detail are made possible, and more effective 
solutions result. It is critical to establish this pattern of 
iterative investigation—one that is aligned around the 
team’s explicit objectives—during the discovery phase.

INTEGRATING INTENTIONS WITH PURPOSE

The discovery phase is primarily about illuminating 
relationships—not only the relationships between 
building systems but also the relationships between 
the project and the larger whole it occupies. The fun-
damental question to be answered during the discov-
ery phase—the question that orients and aligns all 
stakeholders—is this: What is the project’s purpose?

A few years ago, the owners of the Brattleboro 
Co-op invited us and our colleagues from Regenesis 
Group to talk to them about how to achieve a LEED 
Gold grocery store. The owners expressed an interest 
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in going beyond building something that was simply 
more effi cient and expressed curiosity about the con-
cepts of sustainability and regeneration.

We knew from experience that it was possible to 
reduce the store’s energy consumption by about 30 
percent by applying green building practices such as 

augmenting thermal envelope properties, daylighting, 
using effi cient refrigeration cases, and so on. But how 
could we do better? How could we do more rather than 
just “less harm”?

Asking this question led us to begin to explore the re-
lationship between energy and food production. A quick 

Figure 4-6 The originally 
conceived curb-and-gutter 
system at the Willow School 
in New Jersey consisted of a 
conventional system that col-
lects, conveys, and discharges 
rainwater (in pipes) away 
from the site. Image courtesy 
of Back to Nature and Jeff 
Charlesworth.

Figure 4-7 The final bio-
swale solution at the Willow 
School cleans rainwater runoff 
from roads via biofiltration 
and infiltrates this water on 
site—a system that con-
tributes to the health of the 
place and is less expensive 
than one consisting of curbs, 
gutters, and pipes. Image 
courtesy of Back to Nature 
and Jeff Charlesworth. 
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evaluation revealed that the store’s inventory included 
apples from New Zealand, strawberries from California, 
blueberries from Chile, and so forth. It became apparent 
that the energy associated with transporting the store’s 
goods far exceeded the energy consumed by refrigera-
tion and building operations. A new vision of the store’s 
energy footprint began to emerge, along with the possi-
bility of footprint reduction beyond what would have 
been within the scope of consideration when looking at 
the building’s construction alone.

The team also realized, looking beyond the energy 
impacts associated with food transport, that the store’s 
very ability to sustain its food supply was held in a tenu-
ous position by the current food-delivery framework—a 
truckers’ strike could destroy the store’s viability. Equal-
ly troubling to the executive director was the threat of 
a corporate organic food chain coming to town with a 
more effi cient network for delivery of the same food. As 
a result of this initial exploration into the deeper pur-
pose for building the co-op, the team decided to look 
at the more fundamental issues of sustainability before 
jumping into defi ning a building program or assessing 
project goals with a LEED checklist.

This approach centered on a commitment to in-
vesting in locally produced food, which would require 
an examination of how to rebuild the quality of the 
surrounding soils and watershed. The project then be-
came a study in understanding the local conditions in 
order to improve the health of the place and to sustain 
its inhabitants with healthy local food production. The 
purpose of the project shifted from simply building a 
grocery store to becoming a fundamental participant 
in the health of the place and its people.

In the end, the process of designing the grocery 
store included thinking more deeply into the purpose 
of a grocery store and what is needed to make our 
food supply more sustainable. The role of the physical 
store itself was revealed as a mere middleman in the 
transactions that provided food for the local popula-

tion. As a result, the program of the building could 
be expanded to potentially include an agricultural 
and soil extension service; a food canning operation 
for local produce; a place for hunters to dress their 
meat; a credit union to support local agriculture and 
trading; sustainable agriculture education; a day-care 
center; and, of course, a grocery store. This expanded 
program now had the potential to garner the partici-
pation of a large number of the town’s inhabitants by 
soliciting their knowledge of the place. Not unlike the 
inhabitants of Siena in the building of their duomo, 
the inhabitants of Brattleboro, Vermont, could now 
participate in “building” their co-op.

The Four Key Subsystems

Each project has a distinct, purposeful contribution 
to make to the larger whole. To begin thinking into 
purpose, then, we must look outward and seek to un-
derstand the larger systems with which the project has 
interrelationships. These systems, like the building’s 
own internal systems, cannot be optimized in isolation. 
Throughout the design process we need to examine 
iteratively and continually the relationships between 
smaller and larger systems. One way to do this is to see 
each of these systems, or subsystems, within a nested 
grouping of primary impacts.

The alchemists had it right—earth, wind, fi re, and 
water are the essential elements. The sun (fi re) is a bit 
out of our control, other than how we use its present or 
stored (i.e., fossil fuels) energy as a resource. However, 
the other elements are directly in our control and are 
essential to the pursuit of the sustainable conditions 
that serve to sustain life. Without healthy soil (earth), 
clean air (wind), and clean water, we will not be able 
to grow healthy food for all species—the essential base 
condition necessary to sustain life.

We have seen that place is not just the building and 
its site. Clearly, a building cannot function without 
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4 Figure 4-8 After deciding to 
build not just a more energy-efficient 
grocery store, the owners of the 
Brattleboro Co-op pursued a deeper 
purpose by exploring the relationships 
between energy, community, and food 
production, which led to their inves-
tigating the viability of selling only 
locally produced food. Tim Murphy 
of Regenesis used GIS information to 
create a map of the Brattleboro, Ver-
mont, area to assist in researching lo-
cal food-production capabilities. Map 
courtesy of Cartographic Technologies 
Inc., © 2003. 

3 Figure 4-9 Brattleboro, Vermont, 
and its environs. Image courtesy of K. 
Gallager.



72 A L I G N I N G  V A L U E S ,  P U R P O S E ,  A N D  P R O C E S S

the contributions of water, habitat (human and other 
biotic), energy, and materials. Consequently, all devel-
opment fi nds itself inherently linked and inextricably 
bound not only to larger nested systems but to pri-
mary subsystems within that whole, whether or not 
we are aware of it or intend it. For the purposes of this 
book, we will focus on four key subsystems:

� habitat (both human and other biotic systems)

� water

� energy

� materials

We will talk much more about each of these sub-
systems throughout the book, and about how looking 

Figure 4-10 A desalination plant in El Paso, 
Texas. Image courtesy of Texas Water Develop-
ment Board.

Figure 4-11 Construction for this desalina-
tion plant on the Taunton River near the town of 
Brockton, Massachusetts, started in 2006. Image 
© InimaUSA.
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through the lens of each can help us discover purpose-
ful relationships between smaller and larger systems, 
but for now we would like to introduce the idea that 
all of these subsystems are deeply interrelated. We will 
fi rst look concretely at the water system to see how it 
relates to the other systems.

In Massachusetts, at least two towns are currently 
building expensive, energy-intensive, and pollution-
generating desalination plants in an effort to compen-
sate for failing groundwater supply. Given the fact that 
Massachusetts receives an ample 40 inches of rain per 
year, why is this necessary? 

Let’s answer this question by looking at it from 
a systems perspective: How does the Earth get its 
groundwater? It catches and cleans the rain with a 
sponge of plants, animals, microbes, and soil. What 
happens if the Earth lacks a healthy sponge to catch 
and clean the rain? Our groundwater supply begins to 
disappear. In short, healthy soils generated by healthy 
habitat are required for healthy water, and hence for 
human survival, since without potable water the hu-
man organism cannot survive more than about three 
days. These two Massachusetts towns have been 
steadily paving and building over the local habitat for 
a couple of centuries now—and in the process, they 
have steadily destroyed their free, low-energy source 
of clean, fresh water.

Our failure to design in harmony with the natural 
system has put us in a position where we are forced to 
implement new and expensive technologies to produce 
the clean water that the Earth produces all by itself. 
Further, the burning of fossil fuels to generate the high 
levels of energy required to operate these desalination 
plants produces pollutants and other toxicants (such 
as concentrated brine, sulfur dioxide, and nitrous ox-
ide, not to mention carbon dioxide that contributes to 
climate change) that, in turn, contribute to phenome-
na like acid rain, further polluting the Earth’s primary 
source of fresh water. Materials systems are related as 

well: instead of utilizing natural bioswales and rain 
gardens to capture, store, and infi ltrate rain water, we 
build complex and materials-intensive stormwater 
conveyance systems to take water away—and the em-
bodied energy to fabricate, install, and maintain them 
ties back to energy again.

What does this have to do with designing build-
ings? Well, when we build buildings, the amount of 
undeveloped land that allows rainwater to seep into 
aquifers is greatly reduced. Driveways, roofs, and 
parking lots cause water to run off into surface water 
bodies that often fl ood, and the threat to the ground-
water supply can be serious, even with small amounts 
of fl ooding, particularly in older cities with combined 
stormwater and sewage systems. Furthermore, water 
that pools on pavement and other impermeable sur-
faces collects pollutants. This polluted water ends up 
in storm sewers, fl owing directly into area lakes and 
streams. This affects the quality of surface water and 
groundwater, since some surface water soaks through 
lakes and streambeds to groundwater aquifers. Water 
runoff from impervious surfaces also tends to be far 
warmer than water runoff from naturally vegetated 
areas. The resulting thermal shock can signifi cantly 
alter habitat in surface waters in proximity to areas 
of development.

When we have readily available tap water and use 
it to convey our waste, not many of us think of wa-
ter’s role in the larger context of sustaining habitat 
within the looped system of renewal that in turn sus-
tains life. But this system represents a critical set of 
relationships and patterns that we usually ignore at 
the expense of fresh water for our future. More often 
than not, we ignore the ecology of water; rather, our 
buildings extract fresh water from aquifers and con-
vey wastewater by means that we cannot “go on do-
ing indefi nitely,” particularly since we are paving and 
building over the permeable surfaces (and habitat) 
that recharge those life-giving aquifers.
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Excerpts from “The Ecology and Culture of Water”
By James M. Patchett and Gerould S. Wilhelm

All places and all living things can be defi ned by the 
way they handle water. People’s relationship with 
water is grounded in complex interactions with local 
biological and mineral resources. The entire surfi cial 
environment of the earth: geology, soil, topogra-
phy, fl ora, and fauna is mediated by water. All living 
things develop in an aqueous medium in their own 
genetically defi ned ways. . . .

Although vitally important to all life systems, water 
remains one of the more misunderstood and mis-
managed resources on earth. When we are unaware 
of, ignore, or are wasteful in our relationship to the 
interaction of water with other natural resources, 
water can be transformed from a vital resource into 
a troublesome waste product and potentially a pow-
erful source of destruction—even as it leaves the 
people of the place where it fell bereft. . . .

People of our culture have become functionally 
detached from an understanding of how the natural 
world around us works, unaware of its realities, and 
unmindful of its capacities. Inasmuch as we have 
lost touch with the importance of a sustainable cul-
tural relationship with land and water, we have large-
ly forsaken the human relationship with the natural 
environment and therefore threatened our own very 
well-being. . . .

Water in the Contemporary Landscape
Embedded in the conventional doctrine of COL-
LECT, CONVEY, and DISCHARGE, rainwater is con-
sidered a nuisance and inculcated into the cultural 
psyche as “stormwater.” Stormwater, as such, has 
become a “management” consideration in nearly 

every development project. Traditionally, in America, 
water has been viewed either as a burden, source 
of contagion, or as a purely utilitarian commodity. 
Particularly since the Clean Water Act of 1972, pro-
fessionals have been trained to collect and convey 
surface waters as a waste product, as quickly and 
effi ciently as the law will allow, from the site in ques-
tion to areas remote from their purview, presumably 
to be dealt with by somebody else. They analyze, 
design, and construct storm drainage and detention 
systems that attempt to mitigate, through temporary 
confi nement, site and regional impacts of surface 
water–generated storm fl ows.

It is rare, however, for these evaluations to consider 
the natural hydrologic character of the area, or the 
hydrologic context in which the site and surround-
ing natural systems formed over geologic time: 
time measured not by decades or lifetimes, but by 
thousands of years of system development. These 
processes were imbedded together seamlessly 
across the entire watershed. The fl oristic and faunis-
tic elements of these systems evolved their very na-
ture with the human cultures that depended on them 
and were compelled to steward their inhabitancy in 
perpetuity. . . .

Much of the water falling on the ambient landscape 
is no longer able to infi ltrate into the ground, where 
it once provided a constant source of groundwater 
seepage to sustain a stable stream hydrology, even 
during periods of prolonged drought. Instead of 
a stable watershed and associated groundwater 
hydrology, most systems are now dominated by 
erratic surface water hydrology. Waterways experi-
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ence rapid fl uctuations in stream-fl ow velocity and 
volume, generated almost completely in response to 
surface water discharges. The force of these com-
bined stormwater fl ows is focused on terrestrial and 
aquatic ecosystems, with their inherent soils, fauna, 
and fl ora, formed with a completely different type of 
hydrology. The erosive and destructive power of this 
shift in hydrology is impressive. . . .

Restoring a Cultural Relationship with the 
Land and Water
What do we mean when we say we want to restore 
the landscape, or restore the health of the earth? 
What is it that needs to be restored? How do we 
know when the land is healthy? Such questions 
can be hard to answer for a people who have be-
come so distant and removed from the idea that 
their relationship with the earth is integral both to 
the long-term perpetuation of their culture and the 
renewability of the earth’s living surface. One way 
of approaching the answers to these questions in 
human societies, for example, is to regard a culture 
healthy so long as it continues to renew itself with 
each new generation of individuals and families. The 
health of a culture is dependent upon the behavior 
of the individuals within it. . . .

With an eye toward tomorrow, elders have tested 
the knowledge and wisdom of their forebears, made 
scarcely detectable modifi cations in response to 
their own experience with their people and their 
land, and passed it along to young ones. In this 
way, the health of the culture is assured, as the peo-
ple, utterly respectful of the experience of the past, 
respond to the subtle vicissitudes of an ever chang-
ing earth, so that their culture might perpetuate itself 

and replicate the full potential of human experience 
with each passing year. . . .

Rates of change in human cultures and ecosystems 
are buffered against catastrophic collapse by an 
internal diversity that works to protect the whole 
against the development of exaggerated, untested 
individual behaviors or genetic malformations. With-
out such protections, rapid, system-wide changes 
can cripple the system’s ability to renew itself and 
conserve its local knowledge of the place.

The health of an ecosystem or a culture degrades in 
accordance with the degree to which it destabilizes 
or simplifi es itself, and there comes a time when 
there is not enough diversity within the system, with 
either enough memory of the past or enough po-
tential for the future, to continue. The evolution of a 
system so compromised ceases.

Establishing a sustainable relationship with the liv-
ing earth requires the reintroduction of a capacity 
for change. Water out of place is a primary agent in 
both cultural and ecological instability; therefore, our 
relationship with water is related to our ability to sus-
tain a culture and the culture’s ability to sustain the 
living fabric of the earth.

The Challenge to Ourselves
We believe that sustainability is an overarching 
principle in all of our relationships with our land and 
water. To support the hydrologic cycle, ecosys-
tem stability, and other critical natural processes, 
it is necessary to consider local, regional, or even 
global issues on land use of all sizes. In contrast to 
a sustainable approach, much of our contemporary 
infrastructure and conventional planning methodolo-
gies are products of a contrived visual aesthetic with 

(continued)
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little understanding, relationship, or grounding in the 
unique realities of place.

Such methodologies represent a cultural indiffer-
ence to the function of natural systems, or even the 
energy required to maintain this infrastructure, much 
less any long-term consequences. This is especially 
true with respect to the dynamics of water. Site plan-
ning and development, as a whole, must evaluate 
local natural systems and integrate their essential 
aspects into problem solving techniques, such that 
design is based on historical patterns of terrain, wa-
ter, and climate. . . .

Building a sustainable relationship with the living 
earth requires that our actions be grounded in envi-
ronmental realities. In a culture-driven society, this re-
quires an ethic. Since the beginning of the Holocene, 
and perhaps for much of the Quaternary, an impor-
tant component in the shaping of the landscape has 
been mankind. Human beings are governed not only 
by random interactions within the ecosystem, but by 
choice. Fundamental interactions such as predation, 
competition, and foraging are complicated by the fact 
that humans can decide how to act, often with no im-
mediate ecological parameter coming to bear on this 
decision, other than a human ethic.

According to Leopold [in A Sand County Almanac] 
(1966),

All ethics so far evolved rest upon a single 
premise: that the individual is a member of a 
community of individual parts. His instincts 
prompt him to compete for his place in the 
community, but his ethics prompt him also 
to cooperate. The land ethic simply enlarges 
the boundaries of the community to include 

soils, water, plants and animals, or collectively: 
the land. We can be ethical only in relation to 
something we can see, feel, understand, love and 
otherwise have faith in. A land ethic, then, refl ects 
the existence of an ecological conscience, and 
this in turn refl ects a conviction of individual 
responsibility for the health of the land.

The design of environments where humans and 
other organisms interact, where actions create reac-
tions, where the future is built on an understanding 
and appreciation of the past, requires that good 
design and the environment be synonymous. Re-
gardless of scale, the design of sustainable environ-
ments means facilitating human purposes in concert 
with natural processes.

Once we understand the realities of place, there are 
infi nite opportunities for creative expression; true 
design freedom is possible only within these limits. 
Since every place is unique, every design will require 
new creativity, innovation, and technology. A new 
aesthetic, encompassing every aspect of infrastruc-
ture, will emerge as we become more successful 
at designing whole systems. This requires a design 
process based on the interconnection of natural sys-
tems, and an increased understanding of the rela-
tionship between an individual site, the surrounding 
region, and beyond. The products of such design 
will be both visually interesting and sustainable if 
they integrate basic physical and behavioral factors 
into the solution. (Patchett and Wilhelm 1995)

From J. M. Patchett and G. S. Wilhelm, “The Ecology 
and Culture of Water,” Conservation Research Institute, 

Elmhurst, IL, Revised March, 2008, available at 
http://www.cdfinc.com/images/download/Ecology_

and_Culture_of_Water.pdf
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Figure 4-12 Historical patterns of groundwa-
ter flow paths use the natural flows of rain col-
lection from uplands as “recharge” zones and 
lowlands (rivers, streams, ponds, wetlands) 
as “discharge” zones, resulting in continuous, 
clean discharge flows year-round that sustain 
surface and groundwater hydrology with con-
stant water temperature and chemistry. Image 
courtesy of Conservation Design Forum Inc., 
derived from Andrew W. Stone and Amanda J. 
Lindley Stone, Wetlands and Ground Water in 
the United States (Concord, N.H.: American 
Ground Water Trust, 1994).

Figure 4-13 Contemporary patterns of 
groundwater flow paths, resulting from the 
doctrine of “collect, convey, and discharge,” 
reverse those of historical hydrology: uplands 
become “discharge” zones, while lowland 
wetlands are expected to function as “recharge 
zones,” but they cannot. This reversed 
hydrological pattern causes runoff contain-
ing sediments, oils, greases, salts, fertilizers, 
pesticides, and higher water temperatures 
that inundate historical systems and habitat 
adapted to completely different hydrologi-
cal and water-quality conditions. Essentially, 
then, we have eliminated recharge zones due 
to overdevelopment and industrial agricultural 
practices that prohibit rainwater penetration 
and infiltration. The result is frequent flood-
ing and contaminated water systems. Image 
courtesy of Conservation Design Forum Inc., 
derived from Andrew W. Stone and Amanda J. 
Lindley Stone, Wetlands and Ground Water in 
the United States (Concord, N.H.: American 
Ground Water Trust, 1994).
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Typically, however, water is viewed as an expendable 
resource, particularly in our buildings. Less than half of 
the domestic water use in our buildings requires drink-
ing water, yet potable water is used for all domestic func-
tions, including fl ushing away waste. Further, expensive 
systems are normally installed to convey rainwater away 
from our sites, creating problems further downstream. 
When project teams begin to view water differently and 
shift their mind-sets, they understand that our potable 
water supply is limited and that it is diminishing as de-
velopment expands. They come to understand water as 
a resource, not a waste product. 

Within any project site’s watershed, there likely 
exist creeks, streams, ponds, and maybe even rivers 
and lakes, either above or below ground. A signifi cant 
percentage of this watershed likely has been paved 
and covered with roofs and/or turf grass (defi ned by 
Gerould S. Wilhelm as “a drug-dependent rug, sit-
ting atop a bed of clay, leaving the site bereft of wa-
ter, and generating a daily bowel movement in New 
Orleans”), resulting in dirty, polluted, depleted wa-

ter with large temperature swings and high levels of 
heavy metals, hydrocarbons, toxins, nitrogen, phos-
phorous, and sediments. These sediments likely have 
closed fi sh-spawning grounds, while other riparian 
and/or marine habitat has been lost due to toxins 
resulting from eutrophication, and the health of the 
whole suffers dramatically—the opposite of sustain-
ing life. Consequently, we need to ask ourselves: what 
is the role of our project and site in contributing to—
or helping heal—these problems?

Integrating rainwater-harvesting systems into 
our building designs, for example, can begin to ad-
dress these problems. Such systems collect rainwa-
ter, store it, and use it in buildings. As a result, the 
amount of water drawn from aquifers and municipal 
supplies can be reduced. For example, if we address 
stormwater on our site by reducing impervious sur-
face areas, installing a green roof, and constructing a 
retention basin to limit stormwater runoff so that the 
postdevelopment rate and quantity do not exceed (or 
better yet, are less than) predevelopment conditions, 
the resulting groundwater recharge and infi ltra-
tion keeps suspended solids on the site, prohibiting 
their conveyance into streams, bays, and oceans. At 
the same time, fl ooding and other problems associ-
ated with stormwater runoff—such as erosion, wa-
ter pollution, sediment buildup, eutrophication, and 
expensive stormwater infrastructure costs—can be 
reduced as well.

This water system is only one aspect of integrative 
design; it is only one of the four primary subsystems 
mentioned above that we will address throughout this 
book—but again, all four are deeply interrelated. The 
other subsystems—habitat (both human and other 
biotic), energy, and materials systems—will be exam-
ined in detail during each stage of the integrative de-
sign process outlined in this book, as well as how the 
relationships between these systems interact within 
the whole.

Figure 4-14 This chart illustrates the breakdown of water consump-
tion in a typical office building. Image courtesy of Greening EPA.
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The four key subsystems are associated with the 
fundamental principles described below.

Habitat (human, Earth, and other biotic systems)

Preserving habitat is our obligation not only to 

the other species with whom we share our planet 

but also to ourselves. Without a healthy habitat 

to support us, our capacity for basic survival is 

threatened. We must begin to take responsibility 

for developing in harmony with these other biotic 

systems in order to sustain life—all life. As such, we 

group human habitat with all other habitat systems 

into one subsystem for the purpose of engaging the 

following principles:

1. Partner all human activities with living systems in 

mutually benefi cial relationships—a project should 

contribute to supporting the systems of life on its 

site and within its watershed.

2. Understand and respect local ecological and social 

systems.

3. Build in essential feedback mechanisms to contin-

uously evolve these relationships.

Water
1. Make the annual water budget equal to or less than 

annual rainfall on site.

2. Use less water.

3. Retain all rainwater on site.

4. Manage water (rainwater or wastewater) to repli-

cate natural fl ows in order to minimize water leav-

ing the site.

5. Cascade water use to support all life (human and 

other biotic systems), if water will be leaving the 

site.

6. Recharge groundwater table (where possible).

7. Clean all water to potable standards before it leaves 

the site.

Figure 4-15 In the DEP Southeast Regional Headquarters building 
in Norristown, Pennsylvania, rainwater is collected and stored in 
a cistern, located in the building’s atrium, that is fed by exposed 
piping from the roof. A sediment filter and pump used to convey this 
harvested rainwater for flushing toilets (satisfying 100 percent of the 
building’s toilet-flushing demand) are located in an adjacent room 
behind a glass partition, so that the entire system is visible to visi-
tors as a means of providing education about rainwater harvesting 
(see Figure 7-11). Image © Jim Schafer.
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Energy
1. Create less demand via use of insulation, demand 

patterns, reduced loads, etc.
2. Use available site energies—e.g., sources and 

sinks—sun, wind, earth-coupling (such as ground-
coupling, water-coupling, etc.), and diurnal cycles.

3. Increase the effi ciency of what is left—e.g., equip-
ment, appliances, diversity factors, parasitic losses, 
part-load performance, etc.

4. Minimize or neutralize carbon footprint.

Materials
1. Use less—that which is not used has no environ-

mental impact.
2. Use materials that are abundant and renewable and 

that do not destroy human and/or earth systems in 
their extraction, manufacture, and disposal.

3. Strive to use locally sourced, recyclable, nontoxic, 
and/or low-embodied-energy materials. Life Cycle 
Assessment (LCA) tools are effective at evaluating 
comprehensive environmental impacts (see discus-
sion of LCA tools in Chapters 5 and 6).

Once this type of thinking has been explored, in 
accordance with the fundamental principles outlined 
above, a project can begin to be envisioned as a con-
tributor to, rather than a detractor from, the whole 
natural system. New questions emerge. For example, 
how can the project’s approach to stormwater contrib-
ute to the health of the larger watershed?

If we ask this question, we might fi nd different, 
creative solutions for retaining our water on site. We 
might consider restoring deep-rooted plant structures 
that reduce erosion and help generate water retention. 
These deeper roots add nutrients and carbon content 
to the soil, encourage microbial activity that fi lters 
clean water into aquifers, create animal habitat, and in 
turn stimulate more diverse plant growth.

By beginning to reestablish the spongelike charac-
ter of the soil in this way, a rise in groundwater levels 

results and fi ltered water begins to contribute cascad-
ing benefi ts to the larger watershed. Eventually, more 
and healthier water (via underground downstream 
transfer) into the watershed’s surface waters occurs, 
thus impacting a much broader scope of nested sys-
tems beyond the building and its site. Once this oc-
curs, fi sh, insects, and birds that can carry nutrients 
upstream begin to return, further increasing the diver-
sity of habitat on the site and beyond, throughout the 
watershed, . . . and the gyre grows.

By the way, the creative solutions for retaining 
water on site that generated this expansion of life are 
much less expensive than solving the stormwater re-
tention issues with engineered technologies. Such 
strategies also consume less energy in terms of reduc-
ing the embodied energy in the components that are 
now unneeded, as well as reducing (in many cases) the 
demand for water fi ltration and pumping energy for 
water distribution. Further, fewer downstream engi-
neering strategies are required to solve our growing 
water volume and sedimentation problems, again af-
fecting a wider scope far beyond the project site with 
means that are cheaper. Numerous similar cost im-
plications will be discussed later and in more detail 
throughout this book.

Aligning Dollars and Resources

Not everything that counts can be counted, and 
not everything that can be counted counts.

—sign over Albert Einstein’s desk 
in Princeton, New Jersey

In Chapter 2, we briefl y discussed how a coherent 
integrative process can reduce the costs of building. 
Beyond that, it is worth examining the connection be-
tween costs and resources. When we expand our focus 
to include the larger systems outside of the building, 
we begin to see that natural systems are capable of 
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providing the “free services” mentioned at the end of 
Chapter 3—but only if we work to sustain their gen-
erative capacity. Our economic system, however, does 
not fully capture the intrinsic value of the “services” 
and “resources” provided by natural systems.

Early on, as we began working in new ways with 
project teams (circa 1999), we were excited to learn 
of a school superintendent interested in green build-
ing. The superintendent and her school board were 
building a sizable high school, and they were willing 
to devote resources toward holding a charrette with 
expertise brought in to discuss integrative design 
principles, energy, water, materials, and indoor envi-
ronmental quality (IEQ). At the time, fi nding success-
ful projects was strategically important because more 
examples were needed to demonstrate that green 
building projects could be built at costs comparable to 
traditionally built projects.

On a typical project at this point in time, the word 
resource was defi ned strictly as the capital budget. One 
of the themes that continually surfaced at this particu-
lar charrette was the concept that resources included 
not just dollars but also the land the school was to be 
built on, the water that would hit the site, the energy 
that would be used by the building and the people 
getting to it, the materials in the building, and the re-
sources needed to create those materials. Over a two-
day period, we continually reviewed how the project’s 
newly defi ned resources were inextricably bound to 
capital resources, and we explored opportunities for 
maximizing the potential for utilizing all the resourc-
es, including the “free services” available via mutually 
benefi cial relationships with natural systems. Some 
of the ideas explored included alteration of building 
orientation to capture solar resources, optimization of 
bay sizing to avoid depletion of external natural re-
sources (including energy) for materials production, 
change of window sizing and thermal properties, in-
crease in envelope effi ciency, and so forth. Each idea 

was reviewed through a lens of tying budget resources 
to resources as a whole.

Unfortunately, this story does not have a happy 
ending. Because this charrette did not take place un-
til after the architect had already spent a consider-
able amount of time producing schematic design 
documents, the clients found themselves in a diffi cult 
situation. Instead of pursuing opportunities to save 
resources as a whole, they found themselves struck by 
an understandable hesitancy to pay the price for alter-
ing this design. Ultimately, only a few minor changes 
were made on the project. It was clear to us that the 
few thousand dollars that were saved by not altering 
the schematic design were spent at the much higher 
cost of a vast array of other resources, including water, 
fossil fuels, and many thousands of additional dollars 
spent both on building structure and future opera-
tional costs that translate directly into further resource 
depletion.

Dollars and values are clearly connected. One of 
our colleagues, James Weiner says, “You can under-
stand what you value by how you spend your money. 
Since we spend a lot of money on buildings, how we 
build is a refl ection of our values.” Further, we are dis-
covering that dollars and resources are also connected. 
Mollie Beattie points to this connection when she says, 
“In the long term, the economy and the environment 
are the same thing. If it’s unenvironmental, it’s uneco-
nomical. That is a rule of nature.” In other words: if it’s 
not economically sustainable, it’s not sustainable.

The logical conclusion is that, through the practice 
of development, we need to connect our values to the 
vast array of noncapital resources that are at our dis-
posal. Until the fi eld begins to value the conservation 
and contribution of these “free resources” as impera-
tive to project success—as nonnegotiable under the 
goal of achieving sustainability—we will continue to 
swim upstream in terms of both our environmental 
and economic challenges.
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The “Touchstones” Exercise

When we fi rst started to experiment with our projects 
in our consulting roles, we began each project with an 
exercise aimed at revealing how much the team val-
ued each of these resources; early on, we called this 
our core values exercise. At the fi rst workshop (or char-
rette) with each project team, before talking about the 
project design, its components, and even its program, 
we would simply ask the question: What are you try-
ing to accomplish by building this project? Soon, we 
began to ask this question in the context of issues as-
sociated with sustainability by identifying the team’s 
values through the lens of the following fi ve key envi-
ronmental imperatives:

� climate change

� potable water

� resource destruction

� habitat destruction

� pollution and toxins

As a way of exploring this, we would open a dis-
cussion about how the team thought a successful 
project would address each of these issues—as well as 
others associated with the unique specifi cs of the proj-
ect and place—and how they are interrelated. In other 
words, we were attempting to identify primary objec-
tives, or touchstones, explicitly at the outset that could 
help guide the team through their decision-making 
process, from conceptual design through occupancy. 
Over several iterations on several projects, we devel-
oped a rather rough technique for capturing these 
touchstones in this context and documenting them 
for the team. From there, we developed a prioritiza-
tion exercise that works in the following manner.

At the initial goal-setting workshop with the en-
tire project team, we facilitate a group brainstorming 
session, asking all attendees to volunteer their answers 
to what would constitute a successful project by ask-

ing: What are the key issues this project needs to ad-
dress? These answers are recorded on fl ip charts. After 
about twenty or thirty issues are identifi ed, everyone 
in the room is given a certain number of votes (for ex-
ample, ten votes for each member of the architectural-
engineering-site design team and twenty votes for each 
member of the owner’s team) to allocate across any or 
all issues. After the votes are tabulated, the list becomes 
a prioritized guide for making design decisions.

Figures 4-16 and 4-17 depict examples of the re-
sults from two such value and aspiration exercises that 
we facilitated at two recent goal-setting workshops: 
one for a project pursuing LEED Platinum certifi ca-
tion in a marginalized neighborhood of Syracuse, 
New York, and the other for a multiuse develop-
ment of an entire block in a degraded neighborhood 
of Chapel Hill, North Carolina. We now call this the 
“touchstones” exercise (a term we learned from Sandy 
Wiggins), rather than a core values exercise, because 
it serves as an effective tool for identifying the team’s 
goals and objectives more than it gets to the deeply 
held internal core values of individual and collective 
team members. Nonetheless, additional benefi ts that 
should not be underestimated result from the use of 
this exercise—for example, team alignment around 
explicit issues, collective and individual “buy-in” of 
objectives, and ownership of these issues and objec-
tives. The results of this exercise also contribute to cre-
ating the Owner’s Project Requirements, a document 
utilized in the commissioning process to track initial 
and evolving intentions from the beginning of project 
design all the way though construction.

It is important to note, though, that this exercise 
represents an entry-level process that has limits. It 
aligns people around basic ideas that need to be ad-
dressed in a project, but over time we began to real-
ize that the prioritization piece of the exercise could 
lead team members, at times, to think that some of the 
identifi ed environmental issues were less important if 
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TOUCHSTONES EXERCISE
King & King Architects New Offi ce Building — Syracuse, NY

Design Elements/Issues (Value/Aspiration) # of votes

1. Energy and Resource Effi ciency  56

2. Model of Restorative Approach Across Triple Bottom Line 52

3. Achieve LEED Platinum Certifi cation 44

4. Establish Connections as Catalyst for Neighborhood Transition 43

5. Beautiful Landmark 40

6. Increased Green Space 40

7. Better Living Conditions* for Inhabitants/Residents/Employees (*Quality of Life) 38

8. Pedestrian Friendly 37

9. Inclusive of Neighborhood in Design/Participation/Partnership 35

10. Safe and Secure 32

11. Building as Teaching Tool for Sustainability 28

12. Inspires Responsible Growth 24

13. Visually Aesthetic Streetscape 21

14. Renewable Energy Generation 17

15. Natural Systems Utilization 17

16. Hope for the Future/Neighborhood Opportunities 10

17. Area as Art and Cultural Destination 10

18. Eliminate Stormwater Runoff 10

19. Future Adaptability/Flexibility 9

20. Improvement of Creek 9

21. Access to Public Transportation 6

22. Reduced Heat Islands 5

23. Generate Improved Housing Stock 4

24. Bike Friendly 3

25. Reduced Automobile Use 2

26. Appealing Tenant Space 2

Figure 4-16 Sample results from the touchstones exercise for a building renovation project in Syracuse, New York. Image courtesy 
of John Boecker.
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they did not get many votes. But all issues are impor-
tant; you cannot “vote on nature.”

On another project this voting component momen-
tarily trapped us. After going through the touchstones 
exercise on a major urban project that was pursuing 
not only LEED Platinum but also the Living Building 
Challenge, we began working collectively on conceptu-
al design solutions. During this two-day charrette, the 
touchstones were frequently referred to as the team was 

trying to assess conceptual design options. At one point, 
we were trying to decide how to deal with the project’s 
parking needs, specifi cally for the high volume of cars 
that would be generated during special events, perhaps 
fi fteen to twenty times per year.

A number of creative and sustainable solutions be-
gan to emerge, all in an attempt to reduce the paved area 
(and the associated stormwater that would be generat-
ed) and to increase the amount of open space available 

TOUCHSTONES EXERCISE
Bluehill Green Mixed Use Project — Chapel Hill, NC

Design Elements/Issues (Value/Aspiration) # of votes

1. Community Connectivity (multi-cultural/generational)  40

2. Economic Viability/Market Desireability 27

3. Life Cycle Assessment/Low Impact Materials 21

4. Renewable/Solar Energy Generation and Use 19

5. Health of Place/Biodiversity 18

6. Reduced Ecological Footprint 18

7. Water Conservation 17

8. Spiritual/Historical Awareness 13

9. Flexibility/Durability/Longevity/Legacy 12

10. Catalyst for Changing How We Develope 11

11. The Project Educates 11

12. Community Participation/Involvement 9

13. Minimize Waste—Construction and Operations 8

14. Enhance Social Interations 7

15. Document a Replicable Process 7

16. On-Site Food Production 6

17. Pedestrian Friendly 4

18. Pride of Place 3

19. Carbon Neutral 3

20. Resource Exporter 2

Figure 4-17 Sample results from the touchstones exercise for a new multiuse development in Chapel 
Hill, North Carolina. Image courtesy of John Boecker.
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to native and adaptive planting areas for infi ltration, 
educational gardens that teach about sustainable land-
scaping, and a constructed treatment wetland. These 
ideas also included things like grass-paved or open-
cell pervious parking, designating parking on another 
part of the site, valet parking to a lot off site, and street 
parking to handle overfl ow during events. The team 
began to get excited about some of the potential solu-
tions that had emerged and had begun melding into a 
combined array of integrated solutions, when one of 
the owners suddenly said, “Wait a minute!”

He said, “The number one touchstone that we as a 
team identifi ed is that of being fi nancially sustainable. 
Our income is heavily dependent on these events, and 
they are only going to be successful if people coming 
to them have convenient, on-site parking.” He went on 
to assert that because this was our number one touch-
stone, the team must provide on-site parking in close 
proximity to the entrance for as many cars as possible. 
He then adamantly stated that none of the other, more 
environmentally focused solutions for parking that the 
team had raised would work in terms of this “number 
one” fi nancial priority, and several of the other mem-
bers of the owner’s team agreed with him.

For the next two hours, the discussion focused on 
nothing but parking. It looked like things were going 
downhill fast. We then got to a break and asked the 
owner’s team to convene a caucus and defi ne for us ex-
actly what they would and would not consider accept-
able parking solutions. Some members of the owner’s 
team advocated for other touchstones on the priority 
list, such as “creating a model building for going beyond 
green,” “annual water balance,” and “building serving as 
a teaching tool,” and the caucus ultimately came to a 
compromise position that only slightly augmented the 
site’s event-parking capacity. So we eventually got back 
on track, but we were forced into an extended diver-
gence that should serve as a caution against placing too 
much emphasis on the voting results.

This experience led us to evolve the exercise again. 
Rather than merely prioritizing issues, we now often 
ask team members during the charrette to identify 
how any three of the identifi ed issues are connected. 
Then, we ask them to select two more that have inter-
relationships with the fi rst three, and then two more, 
and so on. In this way, project teams begin to see the 
interconnections more than just the fragmented issues 
or elements in isolation.

In thinking about this in the context of whole 
systems, voting on nature does not seem to be a very 
whole way of addressing the essential aspects required 
to meet a sustainable, not to mention a regenerative, 
condition. Applying the analogy of the whole body as 
a living organism, we would not vote on the function 
of the liver as more important than the function of the 
lungs . . . or would we?

In fact, we do this all the time in our emergency 
medical practices. When a person is brought into an 
emergency room with a bleeding and broken body, ar-
resting loss of blood is the fi rst priority, treating shock 
may be second, and setting bones third. In standard, 
nonemergency Western medical practices, we main-
tain fragmented thinking as well, often by focusing on 
a system or organ and treating it in isolation. Carry-
ing this analogy to the built and natural environment, 
we are in an emergency situation and simple priorities 
can be useful in the absence of more systemic thinking 
about what we might do to address long-term health. 
However, it is time to move beyond treating only 
symptoms and isolated traumas.

The medical community is now working on how 
we promote wellness by addressing the whole of our 
lives—such as psychological, spiritual, and physi-
cal health by preventative work with diet, exercise, 
meditation, visualization (including some fascinating 
work in making changes happen quickly via “atten-
tion density” generated by group visualization), and 
energy fl ows in the body (acupuncture, chiropractic, 
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TOUCHSTONES EXERCISE
Phipps Conservatory

Design Elements/Issues # of votes

1. Financially sustainable 85

2. Functional effi ciency that encourages team collaboration 75

3. Building as a teaching/research tool 65

4. Transferability to the market 56

5. Model for beyond green 50

6. Quantifi able results over building life cycle 39

7. Pittsburgh’s new icon of sustainable development 37

8. Dissolve the boundaries between inside and outside 34

9. Systems transparent to the public/visitors 31

10. Provide a roadmap for improving future sustainable projects 31

11. Demonstrate the connection between buildings and the environment 31

12. Inform the development of future codes 28

13. Infl uence societal behavior 27

14. Beacon of hope related to climate change 25

15. Create a destination venue 24

16. Flexible/adaptable design 24

17. Optimization of project’s structure with the site 23

18. Demonstrate achievement of the triple bottom line 22

19. Expand project boundaries to improve health of the regional ecosystem 21

20. Memorable spatial experience 14

21. Encourage the question of sustainable 13

22. Dynamic building information model 11

23. Spark to ignite change 11

24. Create clear linkages with adjacent park/universities/local amenities 11

25. Engage the larger public in design and planning 11

26. Catalyst for future innovations 9

27. Showcase the integrative design process 8

28. Zero construction waste 8

29. Tangible example of the effects of human/environment interface 7

30. Redefi ning building health 7

31. Incorporate biomimicry 7

32. The building is an embodiment of the project’s ideals 7
33. Pittsburgh’s Bilbao 6

Figure 4-18 Results from the touchstones exercise for a project pursuing LEED Platinum certification and the Living Building 
Challenge in Pittsburgh, Pennsylvania. Image courtesy of John Boecker.
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and ayurvedic medicine). The design of our buildings 
as integral to the whole system of nature and commu-
nity is similarly occurring. We develop the ability to 
move into whole systems thinking by educating the 
design team and the project stakeholders about how 
life works in each place we design and build. The goal 
is to take the time to assess and understand how all 
the issues that relate to each subsystem are interrelated 
and then to resolve the interconnections in ways that 
serve the health of the whole.

Another powerful way to help the client and de-
sign team understand and assess these interrelated is-
sues, while also establishing and maintaining the core 
purpose of a project, is to ground the signifi cant issues 
to be addressed by the team in “basic principles.” As 
such, the team’s touchstones, goals, and performance 
targets—when explicitly identifi ed early—are docu-
mented and referred to as the project’s basic principles; 
consequently, by using such terms, the identifi ed prin-
ciples are much more likely to become internalized by 
team members and thereby achieved. Taking the time 
to understand and ground the work in such terms, 
these basic, unarguable principles relating to the proj-
ect’s place become a powerful and meaningful com-
pass for guiding and maintaining the project’s course.

For example, the following list of nine unarguable 
“basic principles” was generated in a workshop by the 
project team that worked on the development of the 
site adjacent to the Teton River in Idaho to guide their 
work (described at the end of Chapter 3):

1. Food (and healthy eating) is one of the foundations 
of a community.

2. Effi cient transportation will minimize negative im-
pacts on the atmosphere as well as the ecosystem of 
the development and community.

3. Materials should be extracted in a manner that is 
positive for the ecosystem and sourced in ways that 
are positive for the local economy (e.g., by provid-
ing jobs and creating light industry).

4. Energy should be sourced without damaging the 
ecosystem or atmosphere—locally or from a dis-
tance. Naturally sustained phenomena—sun, wind, 
and water movement—that are harnessed with 
minimum ancillary damage are the most sustain-
able energy resources.

5. Soil is the basis of a healthy ecosystem and quality 
of life for all species.

6. Drawing water from upstream sources and aquifers 
is not sustainable and ultimately creates negative 
impacts on ecosystem health, upstream and down-
stream.

7. Native vegetation has developed in this region 
because of diverse, self-supporting, complex, and 
specifi c habitat relationships. This matrix of life is 
essential for a long-term, thriving ecosystem and 
the health of the whole.

8. The health of this ecosystem depends on a healthy 
diversity of native and migratory avian, fi sh, and 
megafauna species. The ecology of this land should 
reestablish their ability to traverse and become an 
integral part of life in this place.

9. Living systems organize themselves around the 
fl ows in a system (e.g., fl ows of water or nutrients); 
if critical fl ows are disrupted, the system suffers 
and degrades. 

Aligning with Values

A truly integrative process is not just about follow-
ing instructions, running down a checklist, going 
through prescribed motions, or prioritizing issues. It 
requires a personal connection between and among 
the people involved—not just passing information 
back and forth but actually creating something to-
gether and collectively identifying and holding onto 
principles and core values—purpose. (The sidebar 
about Playa Viva illustrates the benefi ts of holding 
on to project principles and core values.)
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Alignment for Playa Viva from the Owner’s Perspective
By David Leventhal

As we started to work on the design of the Playa 

Viva ecoresort and community (www.PlayaViva.com) 

in Juluchuca, Mexico, we were unaware of the green 

building movement, but the concept of building 

green naturally aligned with our values. About three 

years before, we had founded a nonprofi t organiza-

tion (now called Rainforest2Reef.org), and we were 

highly dedicated to ecological and health-oriented 

endeavors in our lives.

In the course of engaging our design and develop-

ment team in a deeply integrative Regenerative 

Development™ process, the consultants from 

Regenesis Group spoke a language that at fi rst 

was strange to us, and they used unorthodox 

techniques. We spent a lot of time prior to our fi rst 

charrette (workshop) trying to understand this lan-

guage, its syntax, and terminology; we wondered 

what they meant by “history of place,” “whole-

system thinking,” “living systems,” et cetera. As a 

neophyte developer, I wasn’t sure if this was new 

language, due to being new to the industry, or if 

these guys were really doing things in a new and 

different way.

By the time we had our fi rst charrette, the team led 

us through a very rigorous process. We started the 

entire charrette with a day of understanding the 

deeper purpose and objectives of the project. They 

asked us big questions related to why we wanted 

to do this project and what we wanted to leave as a 

legacy. They made us think about this project from 

the point of view of multiple generations. We came 

up with a very ambitious and clear set of objectives, 
for example:

� Create a living legacy.
� Be net-energy neutral or positive.
� Create community.
� Have cleaner water throughout the entire water-

shed.
� Create a transformative experience.
� Create a reserve to promote biodiversity.

Once we had all agreed on these and other larger 
driving principles, these principles became guide-
posts that kept us in line throughout the rest of the 
design process. One very contentious argument 
arose in the group around the issue of kitchens in 
the casitas (small homes). Casa Viva, our earlier 
project, was built around the concept of what we 
now call “social architecture.” Social architecture is 
simply designing the buildings and spaces to pro-
vide a balance between private and public spaces 
while promoting community and communal activi-
ties. At Casa Viva, none of the main casitas (suites) 
have kitchens; so all hungry guests must, in general, 
come to a communal house to eat their meals to-
gether. Communal meals are key to the experience 
at Casa Viva. It is core to some of our founding val-
ues, including creating community.

However, many in the group felt that building casitas 
at the new Playa Viva project that didn’t have kitch-
ens made them less marketable. Who would want 
to buy a luxury ecovilla that had no kitchen? Plus, 
kitchens were necessary. Otherwise, where would 
you keep the food you bought, how would you cook 
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An effective integrative design process challenges 
participants to ask deeper questions, beginning with a 
fundamental exploration of who we are. Who are we in 
relationship to each other, and who are we in relation to 
the project? These questions can help bring people into 
relationship, inviting each participant to engage, to con-
tribute her or his expertise, and to honor the expertise of 
all the others. The goal is openness and clarity in inter-
actions, addressing deeper issues around the basic pur-
pose of the project, leading to a more robust common 
ground in which the team can work truly creatively.

As information is gathered, goals are articulated, 
and ideas begin to foment, these three lines of activity 

interact so that before talking about the project design, 
its components, and even its program, we ask ques-
tions that bring the whole together:

1. What are you trying to accomplish by building this 
project?

2. After it is built and occupied, what will defi ne suc-
cess? What will have been achieved?

3. How will the project continue to evolve as a con-
tributing member of its community and place?

In other words, how would a successful project be 
defi ned for this place not only at this time, but also for 
its evolution into the future?

for your family (something everyone wants to do 
on vacation), how would you have family meals to-
gether, where would you store your baby’s milk? The 
discussion got contentious with the group dividing 
almost straight down gender lines.

One breakout workgroup had already done an 
energy assessment working toward our goal of be-
ing net-energy neutral. As part of the evaluation, 
they reported back to the larger group that adding 
a kitchen in each casita would double our energy 
consumption. At this point, the group broke into 
two camps, those who said the casitas had to have 
kitchens and those who disagreed. Just adding 
a refrigerator was the largest part of the energy-
consumption problem. The argument became quite 
heated, as arguments often do, especially when the 
camps are divided by gender.

What got the discussion back on the right track was 
when the design team asked us if having kitchens fi t 
into the goals we had all agreed upon in the fi rst part 
of the charrette. Would having kitchens create com-

munity? Would it make us energy neutral? Would it 
be a transformative experience? As a result of go-
ing back to our original principles, we were able to 
agree that having kitchens in the casitas did not ac-
complish any of our goals.

While it may seem trivial, looking back at an argu-
ment about kitchens or no kitchens, refrigerators, 
or ice buckets, and so on, the process set up by 
the facilitators allowed us to defi ne our own points 
of alignment and use those to direct us through 
the hard issues. We were able to address this very 
contentious design issue and analyze how the deci-
sion fi t into our overall goals. For those who want a 
private meal, we all agreed that room service would 
be good enough. In the end, the kitchen crew real-
ized that we wanted people to get out of their private 
enclaves, come sit around the fi re, cook commu-
nal meals together, eat together, get to know one 
another, create community, have a transformative 
experience, and go home feeling really good about 
their time at Playa Viva.
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This process encourages people to get in touch with 
their own personal values and to allow those values to 
inform their work on the project. Approached in this 
light, the process of developing and evaluating options 
and reaching decisions becomes more holistic. By in-
corporating core values, nonhuman stakeholders also 
have a place at the table and their interests are protect-
ed and articulated during dialog. Each team member 
becomes more engaged on a personal level—it is no 
longer just another building project or just a job.

How does this help in practice? At the simplest 
entry level, when we start going through LEED and 
deciding what to do and what not to do, the previously 

identifi ed touchstones resulting from this process of-
ten motivate someone in the room to say something 
like, “well, we put ‘health of occupants’ high on our 
list, so we’d better address indoor air quality issues in 
terms of ventilation and carbon dioxide monitoring,” 
which in turn affects energy, and so on. The team’s val-
ues and aspirations become a framework (rather than 
just a checklist of issues to address) for assisting deci-
sion making not only in the fi rst goal-setting charrette 
but also throughout the design and construction pro-
cess, even into operations. In the end, all of this work 
is based on meaningful intentions and purpose—not 
stuff, not technologies.

Figure 4-19 This site 
plan documents existing 
conditions at the project site 
prior to the design of the 
Chartwell School, which is 
located along a ridge within 
the former Fort Ord military 
base in Seaside, California. 
Preliminary Landscape Plan 
by GLS Landscape/Archi-
tecture.



Douglas Atkins, executive director of the Chartwell 
School, initiated a sustainable and integrative ap-
proach for achieving such an intentional purpose in 
the design of their new LEED Platinum school near 
Monterey, California. He understood that aligning the 
entire team around core values from the very outset—
early in the discovery phase before initiating any build-
ing design work—was critical for the success of the 
project, particularly since several board members were 
skeptical about pursuing a green school. He describes 
the process as follows:

Early on in the process our goal was not fi rst 
and foremost to build green, but rather to build 
the best educational facility that would lead to 
positive education outcomes and experiences 
for our students. So, we began to look for the 
best approach to accomplish that. As we worked 
toward this goal, it turned out that the green 
building and integrative design process led us 
down a sort of refl ective investigation of our own 
core values.

We saw as we engaged the criteria and the 
elements of green and integrative design that 
we were actually accomplishing the things that 
we had set out to do under our fi rst priority 
of creating positive educational outcomes. 
For example, we were ensuring that we were 
producing an environment that was the 
healthiest environment for kids, so we were 
most sensitive to those factors that enhance 
educational experience, and we identifi ed (and 
designed out) those factors that detracted from 
positive educational experiences.

Early on in this process, the teachers and faculty 
were led through an extensive number of 
charrettes and interviews by a 7group facilitator. 
Here, we identifi ed our priorities and our core 
values; these were then merged with the LEED 
protocol and framework to defi ne issues and to 
create a programming report that would ensure 
that we accomplished both ends. In this way, 
we made sure we weren’t drifting away from 

Figure 4-20 The Chartwell School site plan depicts a development footprint that uses only the areas of the site that were previously disturbed 
by the demolished Fort Ord Officers Club building. Preliminary Landscape Plan by GLS Landscape/Architecture.
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what we said was most important to us from 
the beginning—and at the end of the day, we 
also benefi ted by having a building that earned a 
LEED Platinum rating.

This process resulted in the design and construc-
tion of a school driven by an explicitly documented 
purpose that succeeded. For example, Chartwell uses 
photovoltaics that produce about half of the electricity 
the school needs and has become a leading source of in-
vestigating the pursuit of grid-neutrality for schools. A 
sampling of other attributes includes copious daylight-
ing that is provided in all educational spaces, reducing 
lighting demand by nearly 50 percent due to photocell 
controls; a rainwater harvesting system, including a 
sluice that not only is used by teachers to educate stu-
dents about water fl ows but also reduces building wa-

ter use by approximately 70 percent; science gardens 
where students are growing organic food, composting, 
and learning about the food cycle, including food that 
is served at the school and waste that is composted back 
into the garden soil; natural ventilation; a web-based 
energy-monitoring system that is incorporated into 
curriculum and can be used by students to track their 
energy use, learn about the relationships between build-
ing performance factors and energy consumption, and 
compete with other classrooms for lowest energy use; 
salvaged materials used to build portions of the school 
derived from the razed Army barracks that previously 
existed on the former Fort Ord site; and a design that is 
panelized with bolted connections and special fasten-
ers that allow for deconstructability of systems at the 
end of their useful life. In addition, the school cost less 

Figure 4-21 As part of the 
programming effort for the 
Chartwell School, students 
were asked to make draw-
ings depicting their vision 
for the new campus and 
school. Consistent themes 
emerged from the subliminal 
messages embedded within 
these drawings, revealing 
several insights. This example 
recognizes the ridgelike nature 
of the site and attempts to in-
tegrate the building form with 
the landscape. Image courtesy 
of John Boecker.



Figure 4-22 The main façade 
of the Chartwell School’s mul-
tiuse building faces north and 
forms the south edge of the 
campus arrival court. Careful 
dimensioning of all compo-
nents according to a 24-inch 
module reduced waste and 
cost, resulting in a 28 percent 
materials cost savings, which 
paid for the project’s certified 
wood. Image © Michael David 
Rose | Morp.

Figure 4-23 Copious 
daylight fills the interior of 
Chartwell’s multiuse room 
from north-facing glazing 
and operable windows that 
also provide natural ven-
tilation. Image © Michael 
David Rose | Morp.
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to build than the average cost of all elementary schools 
built in California in the same year, and signifi cantly less 
to operate. Douglas Atkins also reports that initial post-
occupancy evaluations indicate a pattern of reduced 
absenteeism, reduced reports of health-related issues 

due to IAQ issues (pending more detailed data analy-
sis of the variables involved), and anecdotal evidence of 
improvements in learning and student outcomes, along 
with a signifi cant increase in the enthusiasm on the part 
of students for engaging education.

Figure 4-24 Materials on the interior 
of the Chartwell School include exposed 
agriboard structural insulated panels 
(SIPs), Forest Stewardship Council (FSC) 
certified wood, salvaged materials from 
the demolished officers club, and high 
recycled content. Additionally, the project 
was designed and detailed for decon-
struction and disassembly, incorporating 
the results from in-depth analysis of 
construction techniques intended to ease 
disassembly of building elements for 
reuse at the end of the building’s useful 
life. Image © Michael David Rose | Morp.

Figure 4-25 The school’s rainwater-collection 
system is integrated into the recreational space 
and education curriculum at the Chartwell School. 
Image © Michael David Rose | Morp.
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Excerpts from “Chartwell School Programming Report, 30 September 2002”

Chartwell’s mission is to provide students with 
specific learning difficulties (dyslexia and related 
symbolic language processing problems) the 
learning tools and personal support they need 
to operate effectively in “real world” situa-
tions. The single most important component of 
Chartwell’s philosophy can be stated simply as 
“educating the whole child”; this means helping 
each student gain a sense of self. It also means 
transforming each student internally, so that his or 
her learning difficulty no longer is self-perceived 
as a disability.

Purpose of the Report
The Chartwell School Board of Trustees targeted 
the year 2004 as the school’s goal for occupancy 
of a new permanent facility on a site that is located 
in Fort Ord, California. This goal recognizes that a 
signifi cant opportunity exits to broaden the school’s 
contribution to the community by expanding its en-
rollment capacity, providing community outreach 
programs, and further developing a series of re-
search and training programs.

The purpose of this Programming Report is to identi-
fy and document the objectives that this new school 
must satisfy in order to be deemed successful. 
Accordingly, it serves as a record of the Chartwell 
family’s best judgments about the results to be ex-
pected from the new facility. It is intended to guide 
the school’s design team through the beginning of 
their design process by providing them with an initial 
description of program elements and priorities. It is 
qualitative in nature, not simply a listing of desired 
functions, spaces, and their required sizes. Again, 
this document represents the beginning of the de-

sign process, which if nothing else is a process of 
discovery.

Chartwell recognizes that by engaging this design 
process, the school’s administration, faculty, staff, 
parents, students, and Board are participants in a dy-
namic, fl uid process; hence, the answers that emerge 
from the questions posed in this report will evolve and 
emerge as deeper multivalent levels of investigation 
are pursued and integrated. These emerging answers 
will form the basis for an evolving diagrammatic inves-
tigation via design sketches during the design pro-
fessional’s schematic design process. As such, this 
document is intended explicitly to provide the school’s 
design professionals with a thoughtful starting point 
in that process. The school understands that its con-
tents must remain dynamic and responsive to what is 
learned as we proceed toward construction.

Programming Process
In June 2002, this qualitative programming effort 
commenced. What followed was a series of nine 
conferences aimed at investigating the school’s 
vision for its new facility by engaging questions 
intended to stimulate dialogue and to generate cre-
ative problem solving—representing the beginning 
of an evolving process, not an end. The collective 
responses to these questions will likely create a 
tension—a fertile complexity—from which creative 
solutions can emerge and evolve during the design 
process. Indeed, one might characterize design as 
a process whereby one discovers simplicity from 
complexity. Consequently, the more fertile this pro-
grammatic soil becomes, the more robust the op-
portunities will grow, as solutions emerge from this 
program investigation.

(continued)
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Figure 4-26 The content 
of the Chartwell School’s 
Programming Report 
consisted of three parts, 
focusing primarily on core 
values and vision. Only a 
few pages were devoted 
to quantitative functional 
program data. Image 
courtesy of John Boecker, 
report author.
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Sample Questions
� Describe Chartwell’s Mission Statement; how can 

this project enhance that mission?

� What do you think the school’s program will look 

like in 5 years? 10? 20?

� What is your vision for the new campus?

� What is the most important aspect or component 

of Chartwell’s educational philosophy?

� Can you identify specifi c teaching principles em-

ployed by Chartwell?

� In order to support these principles, how can the 

design of the building’s spaces and site and their 

interrelationships promote these principles?

� How can provisions best be made for:

� “decompressing” space?

� promoting relationships to exterior spaces?

� providing the potential for multiple ways of 

grouping students?

� maximizing natural daylighting and indirect 

lighting strategies?

� augmenting acoustical properties and 

performance?

� augmenting indoor air quality and ventilation?

� integrated design strategies that utilize the 

model of “building as organism” to eliminate 

redundancies and components or downsize 

systems in order to reduce energy and 

operations costs?

� What opportunities emerge by employing “nest-

ing” strategies that promote multiple, simulta-

neous functions occurring within and between 

spaces?

� How best are spaces clustered and/or nested 

within the larger school organism?

� How best are spaces, functions, and buildings 
clustered and/or nested on and with the site to 
create healthy relationships?

� How can synergies occur between instructional 
spaces and “community” spaces?

� Could the building itself serve as a teaching tool 
by providing inherent learning opportunities in its 
design by:

� utilizing circulation spaces as an opportunity 
for learning by creating a heightened sense of 
awareness that stimulates receptivity?

� utilizing circulation spaces serve as galleries 
for student work and art?

� providing visual and physical contact with 
natural systems and the environment?

� How can spaces be integrated into the site in 
ways that utilize exterior spaces to stimulate 
learning?

� Can building components instruct students about 
our relationship to natural phenomenon, for ex-
ample, by including passive solar strategies or an 
integral sundial?

� Can conservation strategies such as rainwater 
catchment systems and photovoltaics be inte-
grated into the design such that they provide 
instructional opportunities?

� How can the project contribute to the health of 
the place in which we are building?

These discussion points and questions represented 
the beginning of an evolving process, not an end. . . .  
[The intention was not to] seek correct answers; rath-
er, it was anticipated that the collective responses 
to these questions would likely create a tension—
a fertile complexity—from which creative solutions 
could emerge and evolve during the design pro-

(continued)
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Redefi ning Success

Projects like those just described have led us to rede-

fi ne success. By looking deeply at our highest aspira-

tions, whether building a home, a school, a grocery 

store, a hospital, or an offi ce building, we see time and 

time again that these aspirations are in fact deeply 

compatible and aligned with environmental sustain-

ability. It is this alignment that we are seeking to fi nd 

when we work toward purpose. The discovery process 

is not just about discovering the relationships between 

building and site systems, it is also about discover-
ing a deep and meaningful way of being ourselves in 
relationship with the larger system—the whole. Hav-
ing seen that there are no “right” answers, we fi nd it 
more helpful to think of success not as an end state 
but as an ongoing process. We need to examine how 
systems thinking and an integrative process in and of 
itself is not an answer but a means for accomplish-
ing our purpose—for, without purpose, integrative 
design does not really integrate, and systems thinking 
is directionless.

cess. Indeed, one might characterize design as 
a process whereby one discovers simplicity from 
complexity. . . .

Participants within the Chartwell family were invited 
to engage this process as an investigation of oppor-
tunities. They were told that their input and partici-
pation would be a critical component of identifying 
opportunities that would give rise to designing a 
successful facility, one where the built environment 

and Chartwell’s teaching principles could merge into 
mutually benefi cial symbiosis.

The results of this investigation largely constitute the 
contents of this Programming Report. Responses 
from the nine conferences have been edited and 
organized herein in order to help guide the design 
team through the beginning of their design process, 
by providing them with an initial description of pro-
gram elements, priorities, principles, and purpose.
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THIS IS NOT A COOKBOOK

A 
visit to any bookstore will reveal a large section 
of self-help books, ranging in topic from how to 
run, ski, hike, or climb better to how to improve 

your health, personal relationships, or fortune. Like-
wise, any magazine rack is fi lled with articles on how 
to improve yourself, your sex life, your marriage, your 
cooking, and so on. These articles and books are of-
ten prescriptive approaches to any given issue. For ex-
ample, if you put away so much money per month in 
a particular investment structure, you will be wealthy 
enough to retire by a certain age.

This book about the design process is not intend-
ed to fi t within the self-help or advice genre. It is not 
prescriptive. It is not intended to provide a checklist of 
steps that you and your design team can follow, and 
that will provide you with a building that does all the 
things you want it to do. Instead, we are trying to pro-

c h a p t e r

The Discovery Phase
5

The loftier the building, the deeper must the 
foundation be laid.

—Thomas à Kempis, late Medieval German monk, 
mystic, writer

A great building must begin with the 
unmeasurable, must go through measurable 
means when it is being designed and in the end 
must be unmeasurable.

—Louis I. Kahn, architect; quoted in Green, Wilder: Louis 
I. Kahn, Architect, New York, New York, Museum of Modern 

Art, 1961
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vide examples of how an integrative process can work 
to create better buildings. We are providing examples 
because we have found that there is general confusion 
about what tools or rating systems like LEED, among 
others, do for us and how we can benefi t from them. 
Consequently, this book is focused on how to use these 
tools well and how to work within a larger context so 
that we can improve our ability to create buildings 
that fi t within a greater whole.

Our point here is that if we were to provide a 
checklist for a design process that reduces environ-
mental impacts, you—the reader—would immedi-
ately be disenchanted the fi rst time you tried to imple-
ment this process, because it likely would not match 
the unique circumstances of your project. It would 
seem that such a process was established in a perfect 
world that is not attainable. Instead, we want readers to 
understand that this book is really about relationships. 
It is not only about relationships between systems; it 
also is about the way people interact with each other 
and how they can interact more effectively—and it is 
designed to encourage you to have your own thoughts 
about how to do this.

A self-help book about marriage might provide 
endless tips and ideas about how to engage your part-
ner by listening better, showing concern, following 
through with your commitments, and so forth. As a 
result, you might try one or two of these ideas for a 
while, but you likely would fi nd that your relationship 
does not change very much after implementing these 
strategies. Your relationship will only change when 
you fully understand that it needs to change—and 
when you and your partner have become fully aligned 
around this understanding.

Similarly, the implementation of the ideas in this 
book can occur only when you reach a common un-
derstanding with other design team partners about 
how and why you want to design and build buildings. 
First, you will need to internalize and understand that 

your current process needs to change, and then you 
will have to align this understanding with your design 
team partners. Once this realignment occurs, most 
design teams will fi nd that implementing the ideas 
in this book can assist in creating buildings that al-
low them to use existing tools—such as LEED—more 
effectively and, most importantly, to create buildings 
that not only function better but also have strength-
ened relationships and linkages with communities 
and natural systems.

As such, while we are attempting to provide 
readers with ideas about how to improve the design 
process, it is important to keep the main goal of un-
derstanding relationships in mind, and to understand 
that the process outlined in this book remains fl exible. 
For example, on a small and less complex project, im-
plementing the tasks discussed below for the Discovery 
Phase might be completed in a few weeks, while on 
a larger and more complex building project this may 
take many months.

With that said, it is now time to shift our discus-
sion from establishing the foundation that supports 
integrative design to outlining the functional steps 
necessary to accomplish it. The Implementation Out-
line presented in the next four chapters introduces 
and describes in some detail the steps and activities 
that make up each stage of the integrative process. It is 
important to note that this process is presented as an 
optimal one that can be adjusted, applied, and tailored 
to fi t project-specifi c parameters and circumstances. 
Accordingly, the Implementation Outline presented 
assumes that integrative design work starts at an op-
timum point—at project inception. Throughout the 
next four chapters, we will use the Integrative Process 
diagram (depicted in Figure 5-2 and Figure C-1) as 
a graphic map to identify each particular stage under 
discussion.

Again, it is important to note that this diagram 
and the stages it depicts are not to be used to dictate 
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a linear methodology; rather, our purpose here is to 
identify an idealized structure and set of activities that 
will need to be adjusted and tailored to the parameters 
of each unique project and team. In other words, we 
suggest using the outlines presented for each stage to 
help guide your progress through the process, and not 
as a cookbook with fi xed recipes.

The integrative process begins with the discovery 
phase, as introduced in the last chapter. To begin ex-
ploring this phase, let’s fi rst look at what a typical sce-
nario for the beginning stages of a project might look 
like when a more conventional design process is used; 
see if this scenario sounds familiar.

HERE’S WHERE WE ARE

A major corporation wants to build a new headquar-
ters offi ce building and achieve LEED Silver certifi ca-
tion. The owner hires the entire architecture and engi-
neering team, and then decides to hire a LEED consul-
tant who can help guide the project team through the 
LEED certifi cation process.

A program document, developed by the owner 
and the architect, is sent to the LEED consultant so 
that he or she can identify the scope of services needed 
to help the project team better understand and docu-
ment the credits that the architect has selected from 
the LEED checklist. The LEED consultant submits a 
proposal, which is accepted by the owner, and a team 
meeting is scheduled immediately, since land develop-
ment plans need to be submitted the following month 
to obtain entitlement approval and secure fi nancing.

The meeting is convened, and the project team 
runs through the LEED checklist to verify the archi-
tect’s initial assessment. As the team reaches con-
sensus on the LEED credits that will be pursued, the 
construction manager agrees, with some hesitation, 
that identifi ed site strategies might be accomplished 

within budget if certain other components are elimi-
nated. The civil engineer agrees that by eliminating 
these components, documenting the rest can likely be 
accomplished within their fee structure. Various team 
members are assigned tasks associated with pursuing 
the targeted LEED credits and incorporating the re-
quired measures into the site design prior to the sub-
mittal of the land development plan drawings, with 
the architect and civil engineer being charged with 
most of the site design tasks.

Four weeks later, a set of site plan drawings is sent 
to the LEED consultant for review and comment to 
make sure that the proper components for achieving 
the targeted LEED credits have indeed been incor-
porated. Upon reviewing the documents, the LEED 
consultant distributes a brief report containing minor 
clarifi cations and revisions (for example, the addition 
of two carpooling spaces; changing the walkways from 
asphalt to concrete; adding more vegetated open space 
within the project’s site boundaries) and indicates that 
all pursued site credits appear achievable. In short, the 
project team missed a few details, but otherwise they 
did a good job.

The architect and civil engineer incorporate the 
LEED consultant’s recommendations into the land de-
velopment drawings, submit them, and receive prelim-
inary municipal approval. With this approval in hand, 
the owner is able to secure fi nancing and schedule a 
second team meeting, a design charrette, with the team, 
saying, “We’re now ready to design the building!”

STOP AND REFLECT

Sounds pretty good, right? In fairly short order, the 
owner has obtained approvals and fi nancing. The ar-
chitect and the civil engineer have met their contractual 
obligations for this phase of the work, and the project is 
on track for achieving its targeted LEED goals.
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What’s Working?

The expected results have been achieved on time and 
within budget. A highly effi cient process was imple-
mented—one based on an accepted and conventional-
ized set of values that target and are characterized by 
the following:

� Speed of completing this phase

� Ease of identifying cost parameters

� Ease of code approvals

� Ease of securing fi nancing

� Clarity and simplicity of defi ning scope and design 
tasks

� Ease of setting fees to meet client expectations

� Achievement of initial LEED goals

What’s Not Working?

In this case, the LEED checklist was used as if it repre-
sented the full range of possibility for creating a more 
sustainable project. Once items had been chosen from 
the checklist, all work revolved around fi nding a way 
to fi t these components into the design. The larger sys-
temic relationships infl uencing the building were nev-
er investigated and, as a result, possibilities for sustain-
able engagement with the site and its larger context of 
nested subsystems were likely never discovered.

How does this impact results?

� As we have seen, we often proceed without question-
ing our assumptions, thereby missing opportunities.

� We also have seen that project team members oper-
ate separately, in silos, without understanding in-
terdisciplinary linkages, thereby missing more op-
portunities.

� Often, project success is impeded by lack of align-
ment around common purpose and a commonly 
understood integrative process.

You may recall from Chapter 3 the story about the 
team for a large offi ce building project that asked us, 
at the end of the schematic design phase, to help them 
achieve their green objectives and LEED goals. When 
we asked to see the preliminary energy modeling re-
sults at our fi rst meeting with the team, the HVAC 
(heating, ventilating, and air conditioning) engineer 
replied, “We don’t do energy modeling until the end 
of design development.”

When we asked why, we discovered that the team 
viewed early energy modeling as wasteful. The HVAC 
engineer explained that “if we did it any earlier, we’d 
have to model the building more than once.” The archi-
tecture had been designed independently, without the 
HVAC engineer’s input pertaining to its energy perfor-
mance. Energy modeling was being used as an after-the-
fact assessment of building performance to earn LEED 
points rather than to inform design decisions. The 
team’s common purpose was to achieve LEED points.

This left us with three questions:

� How can we structure a process that encourages the 
questioning of assumptions so that we are not mak-
ing design decisions before we have defi ned and ex-
panded the scope of exploration—that asks explor-
atory questions to promote iterative discovery?

� How can we structure an interdisciplinary process 
that explores the linkages between technologies, 
techniques, and subsystems in order to understand 
the optimal interrelationships unique to each proj-
ect and place—an interdisciplinary process as op-
posed to a multidisciplinary approach?

� How can we structure a process that acknowledges 
that each stakeholder brings different perspectives 
and expectations to each project and that encour-
ages alignment around common values, process, 
and purpose? (Stakeholders include all affected 
systems, both human and nonhuman, organic and 
inorganic.)
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The absence of the above three critical aspects 
of an integrative discovery process can lead to some 
very dysfunctional and/or unproductive meetings and 
building projects. When clients, consultants, builders, 
community stakeholders, and occupants are not in-
tentional in their relationships throughout the process 
of realizing a new project, there inevitably will be mis-
communication and missteps. The ability to develop a 
collective and deep understanding through dialogue, 
rather than debate, is an almost mandatory skill for 
design team members if we hope to change the nature 
of our understanding of and care for the environment. 
Engaging in these aspects of the discovery process will 
begin to allow us to bridge the gaps between our hu-
man-to-human and human-to-environment interre-
lationships to avoid unintended consequences and to 
address long-term ramifi cations.

How Can We Do (and Think about) 
This Differently?

Our current process is self-limiting. Our scope of ex-
ploration is limited by conditioned expectations and 
preconceptions that are so embedded in our conven-
tionalized process that we do not even recognize that 
they need to be questioned. Even when we use LEED as 
our guiding framework or tool, we can fi nd ourselves 
limiting our thinking to the issues defi ned by the tool 
itself, and we often end up designing to the tool.

INTEGRATIVE PROCESS OVERVIEW

The integrative process is a means of doing this differ-
ently. As we have seen, it differs from the conventional, 
or linear, design process. Achieving the greatest effec-
tiveness in cost and environmental performance re-
quires that every issue and everybody be brought into 
the project at the earliest point.

You may recall from Chapter 2 that the integrative 
process, in its simplest form, can be described simply 
as a repeating pattern of Research/Analysis and Team 
Workshops. The Implementation Outline presented in 
the next four chapters defi nes each of these as a “stage,” 
and outlines suggested activities for each. The activities 
listed in this outline for the research and analysis stages 
are not intended to be engaged linearly. Rather, they 
should be approached as an iterative refl ection process. 
Chapter 2 introduced the Learning Wheel, a decision-
making methodology that allows new ideas to emerge. 
This methodology constantly alternates between ques-
tioning assumptions—engaging research and analysis 
to formulate hypotheses—and then testing these new 
ideas with quantitative tools and team workshops; the 
process is then repeated. The general form of this re-
peating pattern, Research/Analysis and Team Work-
shops, is depicted in Figure 5-1; this simple pattern 
serves as the foundation for the Integrative Process dia-
gram presented in graphic form throughout this book 
and can be described as follows:

� Research/Analysis: Individual team members for 
each discipline initially develop a rough under-
standing of the issues associated with the project 
before meeting—for example, ecological and habi-
tat systems, water systems, energy systems, material 
resources, budgetary resources. This occurs so that 
the design process can begin with a common un-
derstanding of base issues.

� Workshop: These team members come together with 
all stakeholders in the fi rst workshop (goal-setting) 
to compare ideas, set performance goals, and begin 
forming a cohesive team that will function as a con-
sortium of codesigners. By being in relationship to 
each other, each team member allows the issues asso-
ciated with the system for which he or she is respon-
sible to come into relationship with all systems so 
that a more integrated and optimized project results.
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� Research/Analysis: Team members go back to work 
on their respective issues—refi ning the analysis, 
testing alternatives, comparing notes, and generat-
ing ideas in smaller meetings.

� Workshop: The team reassembles for a deep discus-
sion of overlapping benefi ts and opportunities—
for example, how best to utilize the “waste” prod-
ucts from one system to benefi t other systems. New 
opportunities are discovered, explored, and tested 
across disciplines, and new questions are raised.

� Research/Analysis: Team members separate again 
to design and analyze with more focus and poten-

tially with greater benefi ts accruing. New ideas are 
uncovered.

� Workshop(s): The team reassembles once again to 
further refi ne the design, to optimize systems being 
used (building and mechanical systems), and to in-
tegrate systems connected with the project (water, 
habitat, energy, materials, etc.).

This pattern continues until iterative solutions 
move as far as the team and client wish.

We have found that three to fi ve charrettes or work-
shops are the minimum number (depending on project 
scale and scope) of large full-team meetings required 

Figure 5-1 The Integrative Design Process Pattern. Image courtesy of 7group and Bill Reed.
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to move integration forward in conjunction with many 
additional submeetings between workshops. When and 
how team members interact is the responsibility of the 
project manager or integration facilitator. Neverthe-
less, unless project team members meet in the interim 
with some level of intentional integration (and updated 

analysis) at least every two weeks, the momentum of 
exploration likely will diminish.

Throughout the remainder of the book, we will use 
the top diagram in Figure 5-2 (and Figure C-1) as a 
means of illustrating an optimal integrative process.  It 
expands the simple pattern introduced in Figure 5-1.
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Construction Documents Bidding and
Construction

Bidding and
ConstructionPrep.
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Discovery Design and Construction

Predesign Design and Construction

Occupancy, Operations, 
and Performance Feedback
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Value EngineeringVE

Continuous Value Optimization Workshops and Charrettes
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Aspects of the Key Sub-Systems CoVO
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Figure 5-2 Integrative Process and Traditional 
Process (see also Figure C-1) depicting the optimal 
integrative process compared to the traditional 
process along the same time line. Image courtesy of 
7group and Bill Reed; graphics by Corey Johnston.
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This diagram graphs the integrative process (IP) 
through the design phases along the same overall time 
frame as the diagram of the traditional process (TP) be-
low it. With all of the additional early analysis required, 
it is often assumed that the integrative process takes 
longer; but that is not necessarily true (as indicated by 
these diagrams, since they are plotted on the same time 
scale). In other words, the overall time from project 
inception to the delivery of bidding documents can re-
main the same, but the allocation of effort is redistrib-
uted. The front-end loading of analysis in the discovery 
and schematic design (SD) stages of the IP allows for 
the construction documents (CD) phase to be signifi -
cantly reduced, as it is utilized solely for documenting 
earlier design decisions rather than being encumbered 
by continuous design changes (as it currently is, in 
most cases). According to the AIA’s presentation on the 
Integrated Project Delivery Process, the Orcutt-Wislow 
Partnership reported the following: “We have found 
that when we’ve completed the design development 
phase, we’re already close to 60% fi nished with con-
struction documentation. [Using this process in con-
junction with] the Virtual Building model, we shorten 
the time required in documentation, resolve design 
confl icts, and overall, produce better documents.”

The following additional information is embed-
ded in these diagrams:

� The stages before schematic design (discovery) in 
the integrative process take nearly twice the time 
of the same stages in the traditional process (con-
ceptual design) but time required in the integrative 
process for design development (DD) is reduced, 
and time in the construction documents (CD) 
phase can be cut by over a third or more.

� In the traditional process, each discipline is rep-
resented by one of the “stacks of cards,” each stack 
fl oating around and analyzing its system or systems 
in isolation. This continues though schematic de-

sign, after which cost estimates quite frequently end 
up over budget, and so the team engages in value en-
gineering (VE). This is repeated one or more times 
through the design development and construction 
documents phases, as the range of decisions decreas-
es and scope narrows, as indicated by the converging, 
dashed arrowhead lines in the TP diagram.

� In the integrative process, each large lozenge rep-
resents a major, “all-hands” team integrative design 
workshop or charrette; a couple of these are held 
during the discovery phase before anybody starts 
designing anything. Accordingly, each discipline 
(represented as small “stacks of cards” in the early 
stages) should leave each workshop in alignment 
with one another, with agreed-upon performance 
goals and the process by which achievement of 
these goals will be analyzed. After each workshop 
or “nexus point,” the scope of options becomes 
more focused. Accordingly, continuous value opti-
mization is occurring (indicated by the diminished 
height of each successive dashed oval in the IP dia-
gram), since the impacts of each discipline’s design 
decisions are understood and synthesized with all 
other disciplines’ decisions in order to understand 
and analyze the interactions and relationships be-
tween all systems and components. This occurs via 
continuous iterative analysis, as indicated by the 
looping dashed arrowhead lines in the IP diagram.

As discussed in Chapter 4, the foundation of this 
integrative design process is the discovery phase. In 
fact, our experience has shown us that integrative de-
sign cannot be achieved cost effectively without this 
discovery phase. An understanding of the invisible 
relationships between the basic systems and related 
subsystems of a project must be gained before the de-
sign of any tangible, physical relationships can begin. 
Every key subsystem issue (along with related bud-
get and cost implications) needs to be brought into 
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play—the more the better. This requires that the cli-
ent, the design and construction team members, the 
community, and other stakeholders representing key 
issues and subsystems be brought into relationship 
with each other so that codiscovery can take place. 
Figure 5-3 (and Figure C-2) graphically illustrates 
these interactions and provides another lens through 
which to see the same integrative process depicted in 
Figure 5-2 and Figure C-1.

The design process should begin by determining, 
as best as possible, how to increase the benefi cial in-
terrelationships between human, biotic, technical, and 
earth systems (habitat, water, energy, materials). This 
sounds complex, but again, it is a process akin to what 
scientists (and structural engineers) refer to as progres-
sive approximation, which Figure 5-3 attempts to illus-
trate. Understanding these interrelationships becomes 
the foundation for any design process aimed at saving 
resources, restoring the health and benefi ts of natural 
system processes, and engaging humans in discover-

ing their role in serving as effective stewards and par-
ticipants in the health of any place. Over the course of 
the project, then, team members in the design, con-
struction, and operations phases must actively seek to 
optimize these interrelationships over time—in other 
words, making sustainable (and best) use of resources, 
both technical and natural, well into the future.

THREE-PART STRUCTURE

To aid understanding of the basic structure necessary 
for implementing the integrative design process, we 
have subdivided the process into three basic parts: (A) 
discovery; (B) design and construction; and (C) oc-
cupancy, operations, and performance feedback. Each 
of these parts is then further subdivided into a series 
of stages. Following a brief description of the three ba-
sic parts, the remainder of this chapter is devoted to 
an integrative design Implementation Process Outline, 

Evaluation Schematic DesignConceptual Design Design Development Construction Documents
Bidding and
ConstructionPrep.
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Discovery Design and Construction
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and Performance 
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Energy
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Figure 5-3 Integrative Process (see also Figure C-2) depicting interactions 
between subsystems, cost, and disciplines. Image courtesy of 7group and Bill 
Reed; graphics by Corey Johnston.
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which describes the tasks associated with each stage 
in Part A. The tasks associated with Parts B and C are 
described in Chapters 6 through 8.

Part A: Discovery

We repeatedly fi nd that discovery is the most impor-
tant aspect of integrative design, and in a sense it can 
be thought of as an extensive expansion of what we 
currently call predesign. It is unlikely that a project’s 
environmental goals will be achieved cost effective-
ly—or at all, for that matter—if this phase is not en-
gaged with rigor and perceived as an explicitly defi ned 
phase—and as a new way of thinking about the design 
process.

Regardless how you may choose to implement the 
stages described in Part A or in what order you choose 
to engage this analysis, the key is that everything de-
scribed in these Part A stages needs to be accomplished 
before “putting pencil to paper”—in other words, be-
fore beginning schematic design, this discovery work 
needs to be done.

Part B: Design and Construction

The design and construction phase begins with what we 

currently call schematic design; as such, it more closely 

resembles conventional practice in its structure, but it 

expands and enlivens the process by folding in all of 

the work and collective understanding of systems in-

teractions reached in discovery.

Part C: Occupancy, Operations, and 
Performance Feedback

Examining the occupancy, operations, and performance 

feedback phase in any comprehensive way is beyond 

the scope of this book and likely requires an additional 

book to give it its full dimension; however, Part C must 

be considered while engaging parts A and B, since 

without feedback the relationships between building 

occupants and their environment do not come alive. 

In other words, without such postoccupancy feedback, 

we have no means to assess the degree to which parts A 

and B successfully addressed their challenges.
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PART A—DISCOVERY

Stage A.1
Research and Analysis: Preparation

A.1.0  Prepare Proposal A

� Establish scope and fees for initial Goal-Setting Workshop

A.1.1  Fundamental Research for Workshop No. 1
� Site selection: Assess optional sites (if not already selected)
� Context: Identify base ecological conditions and perform preliminary analysis of the four key subsystems:

� Habitat
� Water
� Energy
� Materials

� Stakeholders: Identify key stakeholders—social and ecological
� Program: Develop initial functional programmatic requirements

A.1.2  Principles and Measurement
� Select rating system and performance measurement criteria

A.1.3  Cost Analysis
� Prepare integrative cost-bundling framework template

A.1.4  Schedule and Fees
� Develop a scheduling template—a Road Map—for assigning tasks
� Prepare Agenda for Workshop No. 1

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVo OVV

ancy, Part C – Occupa
ndOperations, an
dbackPerformance FeedP

Figure 5-4 Integrative Pro-
cess Stage A.1, Research and 
Analysis: “Preparation.”Image 
courtesy of 7group and Bill 
Reed; graphics by Corey 
Johnston.
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Stage A.1

Research and Analysis: Preparation

A.1.0  Prepare Proposal A

� Establish scope and fees for initial Goal-Setting 
Workshop

Because the process of green design is new and 
the skill sets of team members vary, project design 
fees can have a wide range of variation. We have 
found that the following structure is an effective way 
to establish clear and fair scopes and fees:

� Proposal A: Selected key consultants or team 
members are asked to submit a fee only for par-
ticipating in the initial Goal-Setting Workshop 
and preparing the background research needed 
for that workshop. This background research 
and initial Goal-Setting Workshop can be used 
to set performance goals as well as to defi ne the 
integrative process road map, a scheduling tool. 
With the goals and process road map estab-
lished, the consultants have a much more realis-
tic idea of the scope of work required from them 
for the remainder of the project.

� Proposal B: With this much clearer understand-
ing of scope and schedule, all team members 
can now assign more accurate fees to the tasks 
required for the remainder of the project. Pro-
posal B then addresses the duration of the proj-
ect and is written by each consultant based on 
the agreed-upon scope and schedule road map 
developed at the Goal-Setting Workshop (Work-
shop No. 1).

This Proposal A–Proposal B approach enables a re-
alistic fee proposal from all team members. It creates 
a fair process for moving forward—less guesswork 
and frustration for people new to the integrative de-
sign process. We have found consistently that both 
our clients and their design team members prefer 
this approach.

A.1.1  Fundamental Research for Workshop No. 1

Perform preliminary research and analysis to prepare 
for Workshop No. 1, the Goal-Setting Workshop (this is 
a component of the work defi ned in Proposal A). With-
out initial research, potential green design opportunities 
will not be able to be discussed with a high level of ra-
tionale (in other words, it will be a “fact-free” meeting). 
It helps to begin with research and analysis prior to the 
Goal-Setting Workshop by gathering data pertaining to 
the four key subsystems. This sets the stage for the ini-
tial workshop and provides a framework for continuous 
analysis and development throughout the entire pro-
cess. Accordingly, the following should be addressed 
prior to the Goal-Setting Workshop:

� Site selection: Assess optional sites (if not al-
ready selected)

If the site has not been selected yet, an assessment 
of optional sites relative to environmental impacts 
and benefi ts can be extremely benefi cial. The tasks 
and activities listed under Context below provide a 
useful framework for conducting this assessment in 
order to inform the owner’s site-selection decision. 
Sites often are selected without the benefi t of this 
understanding.

� Context: Identify base ecological conditions and 
perform preliminary analysis of the four key sub-
systems

This set of activities consists of researching the 
project’s context; the Latin root of “context” means 
“weaving together all aspects.” This is the begin-
ning of an iterative process—a living research doc-
ument that evolves with deepening understanding 
of what is needed to sustain the health of the sys-
tems that support life in this place.

There are two potential tracks to address—reduce 
consumption and restore the health of the key living 
systems that the project both infl uences and is a part 
of. It is necessary to engage in a preliminary analy-
sis of fl ows, relationships, and economics between 
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the project’s program and the base conditions in the 
context of the following four key subsystems intro-
duced in Chapter 4:

� Habitat (human and other biotic systems)
� Water
� Energy
� Materials

The interrelationships between these subsystems 
can provide a more integrated view of the whole, 
which is the essential foundation of the best design 
decisions.

� Habitat

• Research outdoor air quality issues, for exam-
ple, ambient particulates generated from any 
adjacent highways or other pollutant sources, 
average ambient carbon dioxide levels, etc.

• Investigate human, earth, and biotic systems to 
understand the patterns of place—a fi rst step 
in solving for pattern. This involves spending 
time with the site. Tim Murphy from Regenesis 
describes this process as “dating” the site, 
much in the same way that you might use dat-
ing as a means of getting to know a potential 
romantic partner.

• Research both ecological systems (geohydrol-
ogy, soils, local habitat, etc.) and social sys-
tems (history, settlement patterns, etc.). In oth-
er words, how have humans and other living 
and geological systems interacted over time 
to create the positive and negative aspects of 
this place? Ask, how might we now do it differ-
ently? How can this building project learn from 
the patterns of how this place has evolved over 
the past millennium and leverage a deeper un-
derstanding of—and therefore infl uence—the 
continuing evolution of this place toward more 
healthy interrelationships?

• Investigate patterns of life in this watershed and 
region 50, 100, 300, 500, 10,000, and 1 million 
years ago. This analysis is looking for patterns 
of social, cultural, and natural system interrela-
tionships—including plant and animal species, 
soil types, geohydrology, fl uvial geomorphol-
ogy, agriculture, manufacturing, weather, geol-
ogy, seismic activity, and so on—in order not 
just to identify what currently exists but also to 
identify what has existed before and what evolu-
tionary trends toward greater diversity and resil-
ience can be encouraged by our participation.

Design by Discovery—A Story of How Design Emerged from Place
By Pamela Mang

In September 2007, Regenesis Group was asked 
by Henry Miller Sustainable Partners and the Trust 
for Sustainable Development to develop a Story of 
Place™, to be presented at a November master-
planning charrette for the Central Park project in 
McAllen, Texas.

McAllen is in the geographic center of the region 
termed the Borderplex (or Rioplex), which includes 

the four U.S. counties in the Rio Grande Valley and 
the Northern Mexico border cities from Matamoros to 
Ciudad Mier. The Borderplex population exceeds 2.5 
million, placing it among the 25 largest metrolike ar-
eas in the United States. At the same time, it is one of 
the most ecologically diverse areas in the nation.

McAllen itself is a fast-growing, thriving, international 
retail, trade, and fi nancial center that is consistently 

(continued)
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top-ranked nationally for its job and income growth 
and retail sales. In 2000, the City sponsored a vi-
sioning process in response to increasing concerns 
about how to sustain this growth without continued 
erosion of the natural environment, loss of cultural 
landscape, and overall poor quality of development. 
The fi nal report noted the City’s desire “to maintain 
a unique sense of place and identity, strengthen its 
physical image and character, and remain a leader 
in the Valley” while continuing to grow economically. 
Of the projects undertaken over the next few years 
toward this end, the Central Park project was one of 
the most complex and ambitious.

The project site, approximately 70 acres of city-
owned land, was centrally located near the down-
town, the airport, a new convention center, and a 
major mall that attracts annually nearly a million 
visitors from Mexico and the surrounding region. 
The purpose, according to the City’s request for pro-
posal (RFP), was to create “a destination attraction 
for tourists, convention attendees, regional visitors 
and McAllen residents.”

Not surprisingly, given the project’s signifi cance, the 
City had collected a detailed list of the things it want-
ed, including “a public-private mixed use, lifestyle 
development with a predominance of higher end and 
specialty retailers, restaurants and unique venues,” 
and as well “hotel, residences, professional offi ce 
space, restaurants, boutiques and night clubs … 
a park and amphitheater, and a location for the po-
tential construction of a museum and planetarium.”

The master-planning team put together by the de-
velopers included internationally recognized leaders 
in New Urbanist, mixed-use town-center planning. 
Given the team’s proven design talent—and a site 

that was virtually a blank canvas, having been oc-
cupied for over sixty years by an old reservoir that 
the City planned to move—a conventional developer 
would have handed the team the City’s list along 
with its fi nancial parameters and set it loose to cre-
ate. But these were not conventional developers.

Through long commitment to and experience in 
sustainable development, these developers had 
come to realize that, while green technologies and 
great design were necessary elements, they were 
never suffi cient. They recognized that the most vital 
and viable as well as the most enduring sustainable 
developments grew out of a deep understanding 
of the place as a living system into which they were 
created. They knew that when that understanding 
served as the planning and design foundation, far 
more creative designs and far more effective green 
technologies emerged.

Given that perspective, the developers commis-
sioned Regenesis to develop a Story of Place™ to 
be presented at the beginning of a fi ve-day planning 
charrette. The purpose of the story was twofold: 
(1) to connect the design team (most of whom had 
never been to the area prior to the charrette) to the 
distinctive character and dynamics of McAllen, the 
region, the people, and the land, and (2) to serve as 
a unifying and inspiring context, as well as an orga-
nizing core for the creative work of the charrette.

Regenesis began the process of story development 
with research that included historical and contempo-
rary documents, along with fi eld visits to the city and 
several representative ecosystem sites in the region. 
A critical part of the process was a series of con-
versations with more than two dozen people from 
McAllen and the Rio Grande Valley. They refl ected a 
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broad range of historical, current, and future-orient-
ed backgrounds and perspectives. Included were 
naturalists and environmental scientists and activ-
ists, cultural historians, City and community stake-
holders in the Central Park project, political leaders, 
cultural and social activists and thought leaders, 
and people working on envisioning and articulating 
a desired future for McAllen.

Working from a framework that saw the site, the city, 
and the region as three nested wholes, each infl u-
encing and being infl uenced by the others, the team 
looked for patterns in what shaped the land and 
what is at the core of how it works; core patterns of 
how humans shaped and were shaped by the land; 
and core patterns of how human culture developed 
and how it works today. In particular, they looked for 
where ecological and human patterns mirrored and 
amplifi ed each other through time as a way to begin 
to understand the core or essence that distinguishes 
McAllen (and the larger region) and that needed to 
shape and be refl ected in the planning and design of 
Central Park.

One of the fi rst insights was that the Rio Grande 
Valley was actually the Rio Grande Delta—the term 
valley was a misnomer, applied by early settlers who 
felt that the word valley was somehow more attrac-
tive. The signifi cance of this is that natural forces, 
ecosystems, and humans relate and interact very dif-
ferently in a delta than in a valley. The team worked 
back and forth between the working of the delta as 
a natural structure and system of systems and how 
human life unfolded and organized itself to thrive in 
that environment. With each iteration, they sought to 
discover and articulate an increasingly essential un-
derstanding. Gradually a triadic framework emerged 

that depicted the core dynamics shaping the inter-
relationships of the place (similar to Figure 5-5). This 
pattern-based framework became the organizing 
structure for telling the story of the place.

The charrette began Monday morning with a pre-
sentation of this story to the design team, which had 
arrived the previous night, and about twenty local 
stakeholders, many of whom had participated in the 
research conversations. The framework was posted 
on the wall and used throughout the PowerPoint pre-
sentation as a way of helping people see the connec-
tions between and among the images, facts, and an-
ecdotes presented, as well as their present and future 
signifi cance for the project and the community.

A community dialogue followed the presentation, 
and then the design team gathered to begin its work. 
Given that the team was charged with presenting a 
substantially complete conceptual master plan, with 
illustrations, to the same community group on Friday 

(continued)
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Figure 5-5 Nested systems diagram for McAllen, Texas. Image 
courtesy of 7group and Bill Reed; graphics by Corey Johnston.
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� Water

• Investigate water fl ows, water quality, conserva-
tion methods, topography, geohydrology, soils, 
wetlands, adjacent bodies of water, etc.

• Research rainfall rates and perform a basic 
water-balance study (potential sources and 
waste: input and output).

• Gather the following basic data to prepare for 
Workshop No. 1:
• Annual rainfall (inches per year).
• Average monthly rainfall (inches per month).
• Location of sewage treatment plant facilities 

(map and distance from site). Questions to 
ask include the following: Is the plant over-
used? Are any new plants proposed? What 

is the leakage rate of distribution infrastruc-
ture (estimates of infi ltration of groundwater 
into sewage system and/or leakage of sew-
age into the groundwater)? What is the level 
of treatment quality and type of treatment? 
What is the carbon footprint per gallon of 
sewage treatment?

• Water sources (map and description of res-
ervoirs, aquifers, wells, lakes, rivers, etc.).

• Groundwater depth and fl ow at site; deter-
mine the quality of the groundwater.

• Average water treatment cost (per applica-
ble unit).

• Average potable water supply cost (per ap-
plicable unit).

afternoon, the pressure to immediately jump into 
drawing design ideas and solutions was intense. 
The developer, committed to creating a place-
based design, slowed the team down so that Re-
genesis could engage them in a facilitated process 
to translate the story framework into design and 
process principles and concepts. Over the next 
several days of work, these became touchstones 
for an intense but creatively exciting design pro-
cess, serving as sources of inspiration as well as 
means for reconciling technical and engineering 
issues as they came up.

The result? The City and community members 
greeted the conceptual master plan with excitement, 
pleased that the team had created a distinctive proj-
ect that was an authentic refl ection of their unique 
place. Several members of the design and develop-
ment team said this process brought in a whole new 
level of creativity, noting that they never would have 

predicted the outcome based on past work and the 
ideas they had come in with.

As one of the developers noted, this was truly de-
sign by discovery rather than design by decision.

Perhaps equally important was the potential this pro-
cess offered to the community of McAllen. A shared-
story framework—one developed out of a deepening 
understanding of place—enables us to create our 
own stories within it. It is a means for keeping the 
storying process alive in how we shape our commu-
nity, defi ne our identity, and determine what we are 
uniquely able to contribute. By engaging McAllen with 
its own story, using a pattern framework, this relative-
ly small-scale project gave the team and the com-
munity the basis for continuing the storying process, 
allowing them to build from the patterns they seek 
to embed as they continue on the wider process of 
recreating the physical form, image, character, and 
sense of place where they live.
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Figure 5-6 Sample of a rainfall-trending analysis. This is used to calculate the average amount of water available on a site and to a building 
over a number of years, which will help determine an optimally sized cistern for water storage. Image © 2008 Natural Systems International. 

The Ucross Foundation - Water Harvesting and Gray Water Management Summary for New Facilities
Natural Systems International 11-Jun-08
The following calculations outline estimates for water harvesting and gray water management for the new facilities at Ucross. The
buildings can be combined into one single system (if located physically close), or can have independent systems for each of the 3 units.

1.  RAINWATER HARVESTING CALCULATIONS - ROOF AREAS ONLY
Roof runoff volumes
Area

004,1esuohknuB                       sf
052,1snommoC                       sf
000,1gnitsixE                       sf

Total Area = 3,650                      sf

foor enarbmem rof9.0= C runoff coefficient
Collection Eff: 0.85 for membrane roof collection efficiency
Runoff Volume  (V = P/12 x Area x C x 7.48 x Collection Efficiency)
month rainfall (in) Vol Harvested (gal/month)

Bunkhouse Commons Existing Total
43456.0.naJ                          387                        310                1,131                
49447.0.beF                          441                        353                1,288                
72597.0raM                          471                        377                1,375                
82649.0rpA                          560                        448                1,636                
88833.1yaM                          793                        634                2,315                
10750.1enuJ                          626                        501                1,828                

July 2.35 1,569                      1,401                     1,121             4,090                
Aug 2.17 1,449                      1,293                     1,035             3,777                
Sept 1.52 1,015                      906                        725                2,646                

14711.1tcO                          662                        529                1,932                
41426.0.voN                          370                        296                1,079                
47417.0.ceD                          423                        339                1,236                

13.98                   9,333                      8,333                     6,666             24,332              

2.  ACTIVE RAINWATER HARVESTING STRATEGY
The following strategy utilizes a subsurface cistern with irrigation pump and overflow to daylight.

Recommended Cistern Size 3,000 gallons (to capture large portion of July runoff)
Approximate Cost of Cistern 2.00$                      per gallon, installed
Approximate Cost of Cistern 6,000.00$               installed (subsurface tank)
Approx. Cost of Irrigation pump 1,250.00$               installed
Total Cistern Estimate = 7,250.00$               

Total Engery Costs
Ha = 550*PumpHP*Pump Efficiency/mass flow rate
PumpHp = Ha*mass flow rate/550*eff of pump
Irrigation Hours/Day Operation = 1 hr/d

)etar wolf ssam( ces/mbl57.1wolf pmup mpg31= xorppA ,etaR wolF pmuP
754 gpd

isp9.33HDT tf87= gnipmuP rof )tf( HDT ngiseD
5.0= pmup fo ycneiciffE

01.0= tsoC ygrenE $                      $/KWh
 pmup noitagirri PH05.0= pHpmuP

Wk73.0= ygrenE
0.37 kW-hr/day

0.04$                      per day

3.  PASSIVE RAINWATER HARVESTING STRATEGY
The following strategy utilizes french drains or 'pumice wicks' to passively harvest, hold and slowly release 
harvested rainwater. Landscape plants are placed on both sides of the trenches.

mrots hcni1= htpeD llafniaR ngiseD
ecimup ro levarg "4/3 rof ytisorop4.0= oitar diov kcoR

peed tf3:snoisnemiD kciW
2 ft wide

00.02tsoC etamixorppA $                    per linear ft

Wick Sizing Bunkhouse Commons Existing Total
Design Rainfall Total Volume = 668                         596                        477                1,741                gallons
Wick Volume Req'd, w/gravel 223 199 159 582 cu. Ft total volume

levarg sdraY .uc5.129.54.73.8= xorppa ,d'qeR levarG latoT
tf raenil latot79723373= htgneL kciW

57.347= tsoC etamixorppA $                  664.06$                 531.25$         1,939.06$         approx. cost
-= stsoC ygrenE $                         no pumps/moving parts
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� Energy

• Understand the climate of the place where the 
project is located and gather available climatic 
data in preparation for Workshop No. 1 such as 
solar and wind capacity, Heating Degree Days, 
Cooling Degree Days, wind rose, etc.—this should 
be a signifi cant design driver for most buildings.

• Investigate energy sources, microclimates, 
utility providers, potential fi nancial incentives, 

and any additional issues likely to affect the 
project’s energy supply.

• Understand the building’s likely distribution of 
energy consumption by end use.
• Produce an extremely simple base-case (or 

“simple box”) energy model (described be-
low) with an assumed simple building form 
to inform the team about the distribution of 
loads by energy consumption end use in 

Climate Zones

Zone 1 is less than 2,000 CDD and greater than 7,000 HDD.

Zone 2 is less than 2,000 CDD and 5,500-7,000 HDD.

Zone 3 is less than 2,000 CDD and 4,000-5,499 HDD.

Zone 4 is less than 2,000 CDD and less than 4,000 HDD.

Zone 5 is 2,000 CDD or more and less than 4,000 HDD.

Figure 5-7 U.S. climate zone map depicts the quantity of 
heating degree days and cooling degree days for regions of 
the country. This macroclimate issue is the fi rst step in under-
standing the climate in a particular location. Image courtesy 
of Energy Information Administration.
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order to identify where the leverage points 
are for maximizing impacts.

• Produce an energy-load-distribution chart 
from the above simple-box modeling output 
to identify where the dominant energy loads 
are, thereby identifying opportunities for sav-
ings that can result from integrative strate-
gies. It is important to understand the typical 
heating and cooling load distribution for the 

project’s building type and size to understand 
the distribution of energy consumption by end 
use. The load distribution can vary consider-
ably from project to project, depending on 
climate and building type. For example, in a 
school, the lighting typically will be a far great-
er contributor to overall energy consumption 
than in a building with high equipment and 
ventilation loads, such as a hospital.

Figure 5-9 Typical equipment 
loads in a school are far less than 
in hospitals: heating and cooling 
needs are driven more by the 
envelope, and lighting often can be 
the dominant energy user. Image 
courtesy of Cam Fitzgerald.

Figure 5-8 Typical energy con-
sumption by end use for a project 
will vary considerably, depending 
on the building type, local climate, 
and other project-specifi c condi-
tions. Hospital energy use tends 
to be dominated by heating and 
cooling loads that are driven by 
ventilation requirements and equip-
ment needs. Image courtesy of Cam 
Fitzgerald.
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• This simple box (or building-massing mod-
el) energy analysis can be used to perform 
initial evaluation of potential overall energy 
strategies, such as solar orientation, insula-
tion values, and window-performance levels. 
Initial modeling iterations could include the 
following:

1. Building-rotation evaluations 
demonstrating how a series of 90-degree 
building rotations affect energy loads.

2. Walls and roof R-value (insulation) 
evaluations; identify simple low, medium, 
and high range options.

3. Window-size variations—e.g., vary 
window-opening sizes by percentage to 
see relative impacts on energy loads; 
identify three appropriate options, such 
as 30, 50, and 70 percent window-to-wall 
ratios (depending on the climate).

4. Window evaluations with performance 
criteria for both solar heat gain 
coeffi cients and overall U-values; identify 

simple low, medium, and high range 
options for windows.

5. A matrix that shows the differences 
in energy use for each of the above 
envelope performance parameter 
levels (low, medium, high) as individual 
parameters; then put these parameters 
together in different combinations to 
see how combined options perform in 
aggregate relative to each other.

6. Report results in kBTU/square foot/year.

• Understand the building’s heating and cooling 
loads based on the above analysis.
• Determine if the project is likely to be an in-

ternal- or external-load dominant building. 
Small commercial and most residential proj-
ects are external-load dominant—that is, ex-
terior conditions tend to affect the building’s 
heating and cooling loads more than internal 
conditions. As a result, the performance of 
the building’s envelope tends to have a big-
ger impact than internal loads such as light-
ing. Larger commercial buildings tend to be 

Figure 5-10 Simple box (building-
massing) energy model from eQUEST 
software is used to understand energy 
distribution by end use and to evaluate 
early-stage energy decisions. Image 
courtesy of Marcus Sheffer.
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internal-load dominant; internal loads—such 

as people, equipment, and ventilation—of-

ten are far greater contributors to the overall 

load than the weather outside. 

• Benchmark energy performance of similar 

buildings.

• Research the typical energy performance for 

your building type and location, and prepare 

an energy-performance report of fi ndings for 

presentation at Workshop No. 1. This can 

be accomplished by using the Target Finder 
tool created by the U.S. Environmental Pro-
tection Agency (EPA): This web-based tool 
can be accessed from a link at www.ener-
gystar.gov/index.cfm?c=new_bldg_design.
bus_target_fi nder (accessed January 2009).

• The EPA’s Target Finder currently uses data 
from the 2003 Commercial Buildings Energy 
Consumption Survey (CBECS), a product 
of the U.S. Department of Energy (DOE) 
Energy Information Administration; this on-
line tool provides energy data for numerous 
building types in different locations through-
out the country; for the remainder of building 
types, Target Finder provides a methodol-
ogy for benchmarking, using CBECS data 
or other sources. Employing this simple, 
user-friendly tool takes only a few minutes. 
The fi rst step requires inputting the project’s 
zipcode along with some brief information 
about the facility’s characteristics, such as 
building type, gross fl oor area, operating 
hours, and so on. The tool can then help 
teams establish energy performance targets 
relative to similar buildings in the CBECS da-
tabase. For example, by choosing a Target 
Rating at 50 (based on an EPA performance 
rating scale of 1–100, whereby 75 or higher 
denotes an ENERGY STAR building), the tool 
will display the associated energy use for an 
average building of similar type, size, and lo-
cation; by setting the Target Rating at 90, the 
tool will display energy use data for a build-
ing in the 90th percentile of performance (or 
the top 10% of low-energy consumption), 
and so on. This site also allows teams to set 
energy performance targets by choosing an 
Energy Reduction Target, which is the per-
centage of energy consumption reduction 

Figure 5-11 Heating and cooling HVAC load calculations comparing an 
offi ce to a single-family residence. The shell components dominate the 
loads for a residence, while the internal loads dominate in a large offi ce. 
Image courtesy of Cam Fitzgerald.
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desired relative to a benchmark building. 
The benchmark in Target Finder is the aver-
age energy consumption of a similar build-
ing (one with an EPA Target Rating of 50). 
Accordingly, choosing an Energy Reduction 
Target of 60% will provide energy use data 
for a similar building that consumes 60% 
less energy than this benchmark.

• Project energy performance also can be 
informed by the 2030 Challenge; for more 
information, see the Web site at www.archi-
tecture2030.org/home.html. The 2030 Chal-
lenge sets forth energy performance goals of 
50 percent less energy consumption for new 
buildings compared to the average building 
as defi ned by the CBECS data. In 2010 the 
target increases to 60 percent. Then the tar-
get increases by 10 percent every fi ve years, 
until we are building carbon neutral buildings 
by the year 2030.

• Additional potential benchmarks could in-
clude the energy used by similar facilities. 
The owner’s existing facility could be used for 
comparative purposes, which may be useful 
to assist in the establishment of an energy 
performance target.

• An energy-performance report—containing all 
the germane information gained from the bench-
mark sources listed above—will serve as an 
effective tool at Workshop No. 1; it will provide 
participants with the information they will need to 
establish energy-performance goals (see Figure 
5-12).

� Materials

• Identify local building materials: sources of ba-
sic raw materials and manufacturing facilities for 
basic or likely materials such as concrete, stone, 
brick, concrete block, steel, wood, glass, etc.

• Identify alternative and indigenous building 
materials and building techniques used histori-
cally in the place.

• Identify local recycling infrastructure to deter-
mine capabilities for recycling construction 
and demolition waste.

• Evaluate alternative transportation resources 
and, potentially, investigate options for locat-
ing the project.

• Research potential for obtaining life cycle in-
ventory data for the project’s location and vari-
ous likely materials.

� Stakeholders: Identify key stakeholders—social 
and ecological

Identify stakeholders from key human, earth, and 
other biotic systems that will interact with the project. 
Our experience has taught us that when all identifi ed 
human stakeholders work in an integrative process, 
the synthesis of multiple areas of expertise creates 
a kind of composite master builder, as discussed 
in Chapter 2 (See Figure 2-14). You may recall that 
three typical groups of stakeholders are important, 
hence they all should be included in the Goal-Set-
ting Workshop, if possible: (1) all design team mem-
bers; (2) the client (including the owner), and; (3) 
construction professionals (hopefully, the builder). 
Not all of the team members indicated in Figure 
2-14 participate in all green projects, but each is re-
sponsible for a system or components that impact 
nearly all others. In addition, representatives of the 
ecological, social, and community context (specifi c 
to the place) are often left out of the design process. 
These representatives should be included, depend-
ing on the scope of the project.

� Incorporating input from all key stakeholders and 
members of the design team before schematic 
design begins is essential, particularly because 
70 percent of the decisions associated with en-
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Figure 5-12 En-
ergy benchmarking report 
showing Target Finder 
results and Commercial 
Buildings Energy Con-
sumption Survey (CBECS) 
data used to help inform 
team discussions (during 
Workshop No. 1) aimed 
at reaching consensus 
about energy-performance 
targets. Image courtesy of 
Marcus Sheffer.
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vironmental impacts are made during the fi rst 10 
percent of the design process.

� Select the right team members based on exper-
tise needed to address each key subsystem; 
include team members who can respond to the 
project objectives and opportunities. Assess 
whether the expertise needed for each subsys-
tem can be addressed by separate individuals or 
the combined knowledge of one person, based 
on project parameters.

� Recognize where additional experience may be 
needed beyond the typical disciplines associated 
with the four key subsystems to achieve effective 
integration; consultants with such experience likely 
will include: an experienced energy modeler; day-
lighting modeler; lighting designer; landscape ar-
chitect or civil engineer with an ecological systems 
background; building science expert; green mate-
rial and specifi cations expert; a facilitator for team 
workshops; and so forth.

� Commissioning (Cx): develop an RFP for solicit-
ing Cx services. We have found it helpful to use 
a template for such an RFP that can be given to 
the owner before the fi rst workshop; this template 
can be tailored in size, scope defi nition, systems 
to be commissioned, etc., to match the intended 
specifi cs of each particular job as it evolves. If 
possible, the Commissioning Authority (CxA) 
should be hired at this point to ensure that the 
CxA is available to participate in the fi rst work-
shop.

� It should be noted that additional team members 
may need to be added later; this will be deter-
mined by identifying any further needs at Work-
shop No. 1.

� For a more advanced whole-systems approach, 
some additional expertise may include: a sys-
tems ecologist or systems permaculturist; geo-

hydrologist; restoration biologist; community fa-
cilitator; social historian; etc.

� Program: Develop initial functional programmat-
ic requirements

Develop an understanding of the basic areas, func-
tions, proximities, and adjacencies of the typical 
building program, or “brief.” This initial program doc-
ument signifi cantly informs the fi rst pass at creating 
the Owner’s Project Requirements (OPR) to initiate 
the commissioning process during Stage A.2.

A.1.2  Principles and Measurement

� Select rating system and performance mea-
surement criteria

The LEED program, along with other green build-
ing rating systems and assessment tools, can serve 
as a useful tool for establishing project targets by 
utilizing the benchmarks and metrics it has estab-
lished, through a consensus process, for measur-
ing performance. Other rating systems and analysis 
tools include: Green Guide for Healthcare (GGHC), 
Labs21, Living Building Challenge, CO2 balancing, 
ecological footprint, life cycle assessment (LCA), 
Natural Step, SBTool from International Initiative for 
a Sustainable Built Environment (iiSBE), BREAM in 
the United Kingdom, CASBEE in Japan, etc.

We have found that LEED can provide a valuable 
framework for introducing and identifying issues 
to be addressed. It also can be used to look for 
interactions between credits and to explore strat-
egies that contribute to earning multiple credits 
and achieving multiple intents, since it provides an 
outline of many of the issues that need to be inte-
grated. However, LEED is just a tool—a tool that, if 
used poorly, can lead teams into a point-shopping 
exercise. (See the “LEED as a Tool” sidebar in 
Stage A.2.)
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A.1.3  Cost Analysis

� Prepare integrative cost–bundling framework 
template

It is a bit early to begin assigning costs to systems 
and components; however, it is helpful during this 
fi rst stage to set up a framework of costs listed or 
grouped by broad function, such as foundations, 
envelope, mechanical systems, electrical systems, 
and so forth. This listing gives team members refer-
ence points for recognizing, connecting, and record-
ing relationships between systems. In other words, 
it provides the framework template, in the form of 
a spreadsheet, for integrative cost bundling (see 
Stage A.3.3). This document can be created with 
blank cells for future use; its use will be described 
further in subsequent stages.

A.1.4  Schedule and Fees

� Develop a scheduling template—a Road Map—
for assigning tasks

Develop a schedule and task spreadsheet template, 
or integrative process road map (as discussed in 
Stage A.2.1 below), possibly with some assump-
tions about time frames and task defi nitions for the 
Discovery and Schematic Design phases that the 
team can begin modifying at Workshop No. 1. (An 
example of an Integrative Process Road Map, devel-
oped during Stage A.3 on a recent project, is shown 
in Figure 5-13). This will help team members better 
understand:

� The detailed scope of integrative design work (in-
teractions and tasks) for the project.

� The issues that will need to be addressed that 
may have been mentioned, but only generally or 
vaguely, in the RFP.

� The specifi c tasks and interactions between 
team members, so that a Proposal B can be writ-
ten more accurately and fairly.

� The process of examining this detailed schedul-
ing with the team provides a greater opportunity 
for team members to be aligned around the inter-
actions required by this highly iterative process 
and helps them to avoid operating on more con-
ventionalized assumptions.

� Prepare Agenda for Workshop No. 1

We have found it extremely important to include in-
put from the primary team members when develop-
ing the agenda for this fi rst workshop. This can be 
accomplished by scheduling a conference call with 
the appropriate team leaders. The discussion during 
this call should center on the project team’s expect-
ed outcomes so that the team’s efforts can focus on 
and align around expectations.

A perception about the nature of agendas should be 
noted here: in our experience, slavish adherence to 
established agenda activities and time frames actu-
ally can stop valuable discussion dead in its tracks 
during workshops, limiting outcomes and resultant 
accomplishments. The most important function of an 
agenda is to establish and outline the purpose and 
objectives of the workshop. Achieving the team’s 
objectives and alignment is the bottom-line metric 
for whether or not a meeting was successful, not 
whether or not preconceived time frames or tasks 
were met during the workshop. Therefore, fl exibility 
coupled with an agenda that outlines objectives pro-
vides the best combination for success. A powerful 
core principle to remember when facilitating, man-
aging, or striving to elicit successful outcomes in 
meetings is simply: “follow the energy in the room.”
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Large Resort Development
Time Line and Scope Matrix

          Integration Workshops =        Period of activity =               Less defined period of activity =

Time 12/13/2004 12/20/2004 12/27/2004 1/3/2005 1/10/2005 1/17/2005 1/24/2005 1/31/2005 2/7/2005 2/14/2005 2/21/2005 2/28/2005 3/7/2005

Research - Data Gathering Assessment 

Initial Workshop 12/8/04

Energy Systems
       Energy Use and Modeling

       Renewable Energy
       MEP design

      Engage Utilities

  

Bill Reed, Regenesis, Inc.
Natural 

Systems/
Charrette 

                 Various Structures

      Engage Gov't agency

Issues
Green Program Management
     RFPs
     Integration Meetings

     Budget
LEED process management

Schedule and integration coordination

The Nature of Place

     Cultural - archeological 
                        current
                        social systems
      Geomorphology
      Wildlife - plant/animal
      Micro and macro climate
      Land use

             Food Resources
      Landscape
      Water Resources
      Ocean ecosystem

Habitat Design
     Landscape Design
     Golf Course Design
             Integration w Storm Water Management

Water Systems
        Hydrology
               Ground Water
                      monitoring wells needed
               Surface Water
               Use patterns - current and future
               Water Quality

Weather station installation
    monitoring and data gathering

Community Systems
       Transportation Energy and Systems
       Solid Waste
       Integration with Community and 
              Regional natural systems/ NGO work

Community Planning / Master Planning

Architecture / Design
Green Pattern book additions / edits
    Material Systems

         Chemical Analysis - toxicants
         Health Analysis

Construction Methodology
      Cost Estimating - Life Cycle 
              Project Cost Modeling

      Waste reduction
      Waste recycling and reuse
      Pollution reduction
      Building Forensics
      Commissioning
      Erosion and Dust control
      Health and Safety
      Social Health
      Environmental Manual

Feedback Systems
     Metrics and Benchmarks

     Continuing Education
LEED management - assignments

Environmental Impact Report
     Sustainability officer needed

Greening the Development Company
     Company practices

     Integration Conf Calls

Patterns of Relationship to guide us towards 
a long term healthy development

      Nutrent Cycling

    Urban Green  - Jim Heil ?

         Life Cycle Assessment

      Energy Efficiency on site

     Incentivization

Input Output - Business and ecological flows

  

Bill to contact 
Energy Systems 
firm to pursue 
renewable 
energy systems 

Sewage Waste Assessment; Storm 
Water Management Assessment; 
Utility Construction Assessment. 
Cost savings implications for these 
systems.

 Michael

Coord w Ed / staff   Bill
building and technical 
system related issues

                                 

Coord w David /staff  WGR 
Large scale system issues  
- habitat, water, energy       
                        

   

12/12/04 
Meeting at Site
Research and 
site investigation  

Bill

  

Conf calls and 
coordiantion per 
week - 8 h.

 Bill

                        

  

Proposal due from Tim
- Natural and Social System  
  Pattern Understanding
- The Story of Place     
  (integrated relationships)

    

David to review 
proposal             
    

  

Interviews, research, natural 
and cultural system base 
conditions Tim

  

Review Tim's 
work before 
presentation

  

Michael / Tim to 
review Golf 
Course design      
    

    

David to review 
Michael's proposal 

  

Proposal due from 
Michael 
- Assessment of deisgn 
and opportunities to 
address water in a cost 
effective manner

Tim to coordinate 
findings w Michael

Michael and 
David to 
coordinate with 
Gov't and Utility

MEP to provide proposal 
for energy modeling and 
system design by 
Thursday 12/16

  
  

  

  

Bill / J / David / 
Doug to review  
proposal's             
 

  

Energy Conf Call 
and coord           

  
  

MEP to wrok on 
modeling and 
energy design 
proposal for 
"commercial" 
bldgs               

Enery Systems 
to work on 
renewable 
energy design 
proposal               
  

12/14-15/04     
Dev Team and 
Design Team
Integration - Arch 
/ ID / MEP 
modeling and 
energy design

  
  

MPE to develop basic 
deswigns to allow ID 
and Architects to 
address their issues

Energy Sys to 
work on 
renewable 
energy design 
proposal            
     

    

Bill / MPE / 
Energy Sys 
energy coord mtg

  

MEP and Energy 
Sys to work on 
other issues than 
the immediate 
comm bldgs 

  

Bill to research 
opportunities and 
w activites in 
Region coordinate 
w C.F. and David 

  

Bill / C.F. and A.C to coord 

Bill / J  to research 
opportunities and 
activites in region

      

Bill / J / A.C. / C.F. to coord  
      

  
  

Energy Sys / 
David / Bill to 
work Gov't 
agencies and 
Utilities

  

  

Bill / J / A.C. / C.F. to coord   
     

    

Doug to resend 
pattern book to Bill  
     

Doug and Bill to 
meet and discuss 
template      

Bill - work on 
template book

  

Bill - work on materials evaluation and opportunities

  

 Bill      
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3/14/2005 3/21/2005 3/28/2005 4/4/2005 4/11/2005 4/18/2005 4/25/2005 5/2/2005 5/9/2005 5/16/2005 5/23/2005 5/30/2005 6/6/2005 6/13/2005 6/20/2005 6/27/2005

Master Plan/
Design Prep 

Distillation and
Reassessment

Initial Presentation to
Stakeholders -

Water & Sewage

Final Presentation with
Stakeholders          

MP Charrette

                                        

"Nature of Place" 
presentation and implication 
of these issues for the 
Master Plan.

"Energy Issues" 
presentaiton and integration
Development and Design 
Team - this is not the 
Master Planning Charrette

  

Tim (and others) to refine story 
and present this in a format for 
use by other stakeholders

  

Bill / J / A.C. / C.F. to develop benchmarks and 
metrics for development and buildings    

  

Bill / J / A.C. / C.F. to develop benchmarks and metrics for company  
 

  

Bill / Joe / A.C. / C.F. to develop 
Env Impact Statement framework

Next level of Integration meeting 
Development and Design Team - 
this is not the Master Planning 
Charrette

Master Plan(s) Charrette

Figure 5-13 A sample Integration 
Process Road Map. This is not a 
critical path schedule; it is designed 
to help the client and design team 
understand and schedule the various 
deliverables and integration meet-
ings that need to occur between 
major workshops in order to achieve 
the best optimization. This example 
outlines a Research and Analysis 
stage. Image courtesy of Bill Reed; 
graphics by Corey Johnston.
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Stage A.2
Workshop No. 1: Alignment of Purpose and Goal-Setting

A.2.1  Workshop No. 1: Tasks and Activities
� Introduce participants to the fundamentals of the integrative design process and to systems thinking
� Elicit client’s deeper intentions and purpose for the project
� Engage Touchstones exercise to elicit stakeholders’ values and aspirations
� Clarify functional and programmatic goals
� Establish initial Principles, Metrics, Benchmarks, and Performance Targets for the four key subsystems:

� Habitat
� Water
� Energy
� Materials

� Generate potential strategies for achieving identifi ed Performance Targets
� Determine order-of-magnitude cost impacts of proposed strategies
� Provide time for refl ection and feedback from client and team members
� Develop an Integrative Process Road Map that identifi es responsibilities, deliverables, and dates
� Commissioning: Initiate documentation of the Owner’s Project Requirements (OPR)

A.2.2  Principles and Measurement

� Document Touchstones, Principles, Metrics, Benchmarks, and Performance Targets from Workshop No. 1

A.2.3  Cost Analysis

� Document order-of-magnitude cost impacts of proposed strategies to refl ect input from Workshop No. 1

A.2.4  Schedule and Next Steps

� Adjust Integrative Process Road Map to refl ect input from Workshop No. 1
� Distribute Workshop No. 1 report 

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVo OVV

pancy,Part C – Occup
and Operations, 

eedbackPerformance Fe

Figure 5-14 Integrative Process 
Stage A.2, Workshop No.1: 
“Alignment of Purpose and Goal-
Setting.” Image courtesy of 7group 
and Bill Reed; graphics by Corey 
Johnston.
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Stage A.2

Workshop No. 1: Alignment of Purpose and 
Goal-Setting

We recently were hired to facilitate a two-day goal-set-
ting charrette for an ecoresort on a Caribbean island. 
About a week before the scheduled date of the char-
rette, the owner called expressing concern about the 
agenda we had sent her. She had two concerns: 1) 
time and money (“Do we really need all of these people 
to attend?”) and 2) possible lack of alignment of goals 
(“There is nowhere in this agenda that talks about zero 
carbon, and that’s our goal. I’m concerned that we are 
not in alignment.”)

We asked, “How are you defi ning your carbon 
goals?”

She responded, “Zero carbon.”

“Do you mean carbon neutrality?”

She said, “No, I mean zero carbon.”

“With all due respect, that’s not possible; how-
ever, we think what you are saying is that you 
want to neutralize your carbon footprint.” Then 
we asked, “If that’s the case, what is the scope 
that you want to include in calculating that foot-
print?”

Her reply: “Everything.”

“Okay, does that include the embodied energy 
emissions associated with building materials—
their extraction, fabrication, transportation, and 
construction?”

She said, “Yes, it’s everything.”

“Does this include transportation impacts dur-
ing operations?”

She said, “Yes, it’s everything.” Then she elab-
orated, “We are planning on using vegetable oil 
from the island’s many restaurants to fuel all of 
our vehicles.”

We responded, “That’s really good, but it 
doesn’t completely neutralize carbon emis-
sions, because it still involves combustion.”

She replied, “Now I’m really concerned, be-
cause I don’t think you get it. We want to 
achieve zero carbon.”

At this point, it fl ashed through our heads that 
we may have reached a “go or no-go” decision 
point in the conversation regarding our interest 
in this project and our ability to develop a rela-
tionship of colearning.

So we asked, “Where is water coming from for 
this project?”

She replied, “We’re building a desalination 
plant.”

“Well, if that’s the case, we’ll need to fi gure 
out how to neutralize the emissions generated 
by the signifi cant energy needed to desalinate 
water.”

She suddenly got very quiet. After a long 
pause, she said, “Oh, maybe I don’t under-
stand zero carbon like I thought I did.”

What happened in this conversation serves as a tiny 
example of why the Goal-Setting Workshop serves as 
a critical contributor to the integrative process—it cre-
ates alignment. Without alignment around the source 
and meaning of the project’s goals, we may not under-
stand the real purpose behind them, and then we might 
miss the larger target and its essential aspects. It also 
illustrates an initial example of how we need to function 
as colearners; in short, we needed to learn the nature 
of our client’s goals and the purpose behind them—as 
did she. This discussion set the stage for much more 
fruitful interaction and alignment around purpose at the 
approaching Goal-Setting Workshop (Workshop No. 1), 
thereby increasing the potential for the project’s success.

On the development project in the Teton Valley, 
Idaho, that was introduced at the end of Chapter 3, our 
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client became far more willing to engage the project’s 
targeted goals—such as no pesticides, native plant-
ing, etc.—once the fundamental principles that under-
lie these goals were clearly explained. Then, once the 
client representatives gained a more complete under-
standing of these principles, they began to refer to them 
as “unarguable principles,” as discussed in Chapter 4. 
As a result, each of the performance targets and goals 
(including LEED points) were viewed as far less arbi-
trary and far more meaningful.

In order to create such alignment, all of the project’s 
key team members should be present at Workshop 
No. 1, so that team buy in and a sense of “ownership 
by all” develops. Accordingly, at a minimum, we have 
found that the following team members should partici-
pate:

� Owner

� Owner’s representative with primary fi duciary re-
sponsibility

� Owner’s facilities and building operations manager

� Representative building users

� Architect

� HVAC engineer

� Electrical engineer

� Plumbing engineer

� Civil engineer

� Landscape Architect

� Builder and/or Construction Manager

� Commissioning Authority

The above list of team members is intended to iden-
tify the expertise necessary at this and subsequent 
workshops, and it may not necessarily require that dif-
ferent individuals represent each of the indicated dis-
ciplines—a single individual on the team may possess 
adequate expertise in multiple areas. In other words, 
what matters is that each of these areas of expertise be 
represented at a level appropriate to the project.

The role of the builder or constructor deserves spe-
cial mention here. It is our experience that the earlier 
the builder who will construct the project is involved in 
a meaningful way—and the more that builder’s exper-
tise is integrated into the process at the earliest possible 
stage—the more successful the result in all ways. This is 
the case not only from the standpoint of constructabil-
ity and cost but also from the standpoint of the quality 
and elegance of the design. In some ways then, the in-
tegrative design process can be somewhat enhanced in 
a design-build construction delivery scenario. However, 
the purpose of this book is not to examine the dozens 
of different permutations of design-build we have seen, 
nor to engage in a detailed discussion of the pros and 
cons we have experienced in this regard; rather, suffi ce 
it to say that the earlier everybody is involved in the pro-
cess, the better. Remember the four Es from Chapter 4?: 
Everybody, Engaging, Everything, Early.

Depending on the extent of integration, project com-
plexity, and unique project requirements, other partici-
pants and consultants may include:

� Energy modeler (if this expertise is not possessed by 
the HVAC engineer)

� Daylight analyst

� Lighting designer

� Acoustical engineer

� Building forensics specialist (regarding mold, build-
ing envelope, etc.)

� Systems ecologist

� Biologist or botanist

� Permaculturist

� Habitat restoration consultant

� Productivity analyst

� Materials and LCA consultant

� Community members

� Code offi cials

� Municipal offi cials
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� Traffi c engineer

� Planner

� Product manufacturers

A.2.1  Workshop No. 1: Tasks and Activities (Goal-
Setting Workshop)

It is important to note at this point that this book is not 
intended to serve as a meeting-management primer or 
a charrette-facilitation guide; accordingly, it will be as-
sumed throughout that logistical issues for workshops 
(such as publishing agendas, arranging appropriate 
venues, scheduling refreshments, identifying audiovisual 
needs, or presenting facilitation techniques), are under-
stood by the reader or can be researched elsewhere.* 
However, we have found that the following outline can be 
used to create an agenda for Workshop No. 1 and can 
be tailored to the specifi c parameters of each project.

� Introduce participants to the fundamentals of 
the integrative design process and to systems 
thinking

We have found that kicking off this workshop by 
presenting the concept of integrative design with il-
lustrated and concrete examples from case studies 
(for a total presentation time of about an hour) sets 
the stage for engaging teams in a systems-thinking 
approach. If the team already has experience with 
an integrative process, this presentation need not 

be too detailed; but it is rare that all members of 
a design team arrive with the same level of experi-
ence, so comprehension by all attendees should not 
be assumed. In some cases, the design team mem-
bers might be quite familiar with an integrative ap-
proach, but project owners rarely are, so providing 
an educational session about this approach should 
not be overlooked.

� Elicit client’s deeper intentions and purpose for 
the project

� Leverage the client’s mission (purpose) and as-
pirations, if possible. Spend a bit of time refl ect-
ing on how the project can help the client move 
toward achieving their deepest purpose and ob-
jectives. Grounding the group in the stated val-
ues and mission statement of the client’s organi-
zation often allows this to happen.

� This exercise has revealed to us that profi t by 
itself rarely is the only, or even primary, reason 
for building a building. Often, for example, the 
intentions of leaving a great legacy or helping 
people to achieve a higher quality of life are cit-
ed by our clients. It is important to make explicit 
these drivers, because they can shape a proj-
ect’s sustainability objectives more effectively 
than technical effi ciency or economic examples 
alone.

� Engage Touchstones exercise to elicit stake-
holders’ values and aspirations

� This exercise (and the evolution of our use of it) 
is described in detail in Chapter 4. It serves as 
an extremely valuable tool for gaining team align-
ment around performance goals and the team’s 
ownership of the project’s objectives.

� Getting alignment around the team’s and stake-
holder’s real aspirations is essential—if this does 
not occur, the design process may fall back to 
the default mode of repeating the patterns of 
conventional design.

*  Charrette facilitation resources, among others, include the following: A 
Handbook for Planning and Conducting Charrettes for High Performance 
Projects, National Renewable Energy Laboratory, Golden, Colorado, Au-
gust 2003, http://www.eere.energy.gov/buildings/highperformance/char-
rette_handbook.html (accessed October 1, 2008); “Planning and Con-
ducting Integrated Design (ID) Charrettes,” Joel Ann Todd, Environmental 
Consultant, and Gail Lindsey, FAIA, Principal, Design Harmony (updated 
5/22/08), in the Whole Building Design Guide (Washington, DC: National 
Institute of Building Sciences, 2008), http://www.wbdg.org/resources/char-
rettes.php (accessed October 1, 2008); “Eco-Charrettes Save Resources, 
Build Teams,” Nathan Good (Washington, DC: American Institute of Archi-
tects, 2003), http://www.aia.org/SiteObjects/fi les/18-11-02.pdf; The Char-
rette Handbook [available only on the web or by taking their courses] and 
numerous other resources from the National Charrette Institute (NCI) at 
http://www.charretteinstitute.org.
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� We have found that when time allows, taking 
this exercise much further into an exploration 
of more deeply felt Core Values as a facili-
tated exercise can get the team more closely 
aligned around principles and objectives—this 
gives team members permission to refl ect more 
deeply and perhaps put issues on the table that 
are more heartfelt and not normally addressed. 
The deeper the team delves into values and 
aspirations—and the deeper this foundation is 
built—the more successful the project becomes 
in terms of both environmental and economic 
performance.

� To help make sure these values, aspirations, and 
environmental objectives do not get lost in the in-
tensity of the design, construction, and operation 
process, it is useful to have “champions,” based 
on their discipline, assigned to issues they par-
ticularly care about or for which their discipline is 
logically responsible. A manager or partner-level 
person, ideally, would take on the responsibility of 
champion for these issues, as they are ensured a 
powerful voice at the design table. An entry-level 
staff member or intern should NOT take on this 
role, since such staff members are rarely given a 
powerful enough voice.

� Additionally, a Core Team can also be estab-
lished to focus on evolving these values and 
aspirations. The Core Team should be com-
posed of key team members and stakeholders 
who will be responsible for holding the higher 
aspirations of the project. This Core Team does 
not operate on day-to-day management issues, 
although some members may be in a manage-
ment position; rather, the Core Team takes re-
sponsibility for holding the evolutionary capabil-
ity of the project throughout its life. Its purpose 
is to maintain, build upon, improve, and evolve 
the project’s aspirations for sustainable perfor-
mance over time.

� Clarify functional and programmatic goals

Verify and clarify the conventional functional pro-
gram—space and site functions, area quantities, 
adjacencies, parking requirements, etc. Sometimes, 
this requires a separate exercise during the work-
shop to more clearly defi ne the owner’s program 
requirements and to convey a more thorough un-
derstanding of these program requirements to all 
team members.

� Establish initial Principles, Metrics, Bench-
marks, and Performance Targets for the four key 
subsystems

To begin this discussion we need to look at the fol-
lowing defi nitions:

Principle: a fundamental truth that is a basis for 
action

Metric: how we measure

Benchmark: the standard against which we 
measure performance

Performance Target: a measurable, quantifi able, 
and verifi able performance goal established by 
the team

Reaching initial consensus on performance goals 
for the four key subsystems is a primary task at this 
workshop, so that everyone departs in alignment 
and owns collectively these Principles and their re-
lated Performance Targets. The following list pro-
vides an example of one such Principle for each of 
the four key subsystems and a related Performance 
Target. Please note that there are many more prin-
ciples involved, depending on how deeply the team 
wishes to pursue relationships with living systems; 
the purpose of the list below is simply to provide the 
reader with examples of such principles,

� Habitat (human and other biotic systems)
 Let’s revisit from Chapter 4 the following list of 

fundamental principles associated with habitat:
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• All human activities should partner with living 
systems in mutually benefi cial relationships, and 
a project should contribute to supporting the sys-
tems of life on its site and within its watershed.

• Understand and respect local ecological and 
social systems.

• Build in feedback mechanisms (and pattern 
feedback systems), because they are essential 
to continuously evolving these relationships.

 Here is an example of translating one of these 
Principles into a Performance Target:

• Principle: The project will support the systems 
of life on its site and within its watershed.

• Performance Target example: Select 100 per-
cent of the plant species in the project’s land-
scaping from options that will support the avi-
an and terrestrial species currently or formerly 
present in the region.

• To achieve this target, the following strategies 
may be explored: landscape design practices 
such as xeriscaping, planting of indigenous 
species, reestablishment of ground water 
fl ows and fl uvial morphology, habitat corridor 
connections, avoidance and/or elimination of 
monocultures, etc.

� Water
 Recall from Chapter 4 the following list of funda-

mental principles associated with water:

• Water budget should be equal to or less than 
annual rainfall on-site.

• Use less water.

• Retain all rainwater on-site.

• Manage water (rainwater or wastewater) to 
replicate natural fl ows in order to minimize wa-
ter leaving the site.

• Cascade water use to support all life (human 
and other biotic systems), if water will be leav-
ing the site.

• Recharge groundwater table (where possible).

• Clean all water to potable standards before it 
leaves the site.

 Here is an example of translating one of these 
Principles into a Performance Target:

• Principle: The project will retain all rainwater 
on-site.

• Performance Target example: The project’s 
water consumption shall not exceed the site’s 
annual rainfall volume; 100% of this volume 
will be captured via rainwater harvesting, and 
100% of wastewater generated by the building 
will be treated and reused on-site.

• To achieve this target, site water balancing 
analysis that calculates annual rainfall volume, 
annual building consumption, and annual sew-
age generated will need to occur; additional re-
lated issues such as water quality, wastewater 
treatment options, cistern options and sizing, 
etc., likely will need to be addressed as well.

� Energy
 In Chapter 4 we listed the following fundamental 

principles associated with energy:

• Create less demand via use of insulation, de-
mand patterns, reduced loads, etc.

• Use available site energies—e.g., sources 
and sinks—sun, wind, earth coupling (such as 
ground coupling, water coupling, etc.), and di-
urnal cycles.

• Increase effi ciency of what is left—e.g., equip-
ment, appliances, diversity factors, parasitic 
losses, part-load performance, etc.

• Minimize or neutralize carbon footprint

 Here is an example of translating one of these 
Principles into a Performance Target:

• Principle: The project will minimize its carbon 
footprint.

• Performance Target example: The project will 
reduce its annual energy consumption by 50 
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percent relative to an agreed-upon benchmark. 
Half of the remaining energy demand will be 
supplied by on-site renewable generation, and 
the remainder by purchasing green power.

• To achieve this target, overall energy perfor-
mance goals and specifi c performance pa-
rameters and metrics related to those goals 
will need to be addressed and iterated via 
parametric energy modeling—parameters in-
clude, for example, building envelope options, 
lighting power density targets, square feet per 
ton of cooling equipment capacity, plug load 
power density, etc.

 During the initial goal-setting workshop, it is 
important to discuss the overall energy per-
formance expectations for the project. The old 
adage that “you can’t manage what you don’t 
measure” certainly applies to building design. 
Instead of establishing specifi c performance 
goals, many project teams rely on platitudes 
like “the project will be energy effi cient,” with-
out giving any meaning to that term and without 
quantifying any measurable target. The research 
and analysis prepared prior to the workshop in 
the preparation stage (Stage A.1), as discussed 
above, should be reviewed and discussed at 
Workshop No. 1. Data from the EPA’s Target 
Finder, CBECS, the 2030 Challenge, and other 
sources should be used to establish the proj-
ect’s performance target.

  Quite often, we have found that designers will 
raise the issue that much of the project’s energy 
use is beyond their control, for example, energy 
consumption attributable to the building’s plug 
loads. While this can be true to a certain extent, 
it is critically important for the design team to 
think of itself as a whole project team, one that 
includes the owner or representatives of the own-
er to adequately account for all building energy 
use. Energy-consuming items outside the control 

of the design team should be discussed so that 
the building owner can make more fully informed 
decisions about issues that affect project design 
decisions.

  If we hope to produce energy-effi cient build-
ings, we must defi ne that term in the context of 
each specifi c project. Initiating the discussion in 
a goal-setting session is the fi rst step.

� Materials
 Recall from Chapter 4 the following list of funda-

mental principles associated with materials:

• Use less—that which is not used has no envi-
ronmental impact.

• Use materials that are abundant and renew-
able and that do not destroy human and/or 
earth systems in their extraction, manufacture, 
and disposal.

• Use locally sourced, recyclable, nontoxic, and/
or low embodied energy materials.

 The following is an example of translating one of 
these Principles into a Performance Target:

• Principle: The project will maximize its use of 
materials indigenous to its region.

• Performance Target example: Half (50%) of 
the project’s materials will be harvested, ex-
tracted, recovered, and manufactured from 
within a one-hundred-mile radius of the proj-
ect site.

• To achieve this target, the project team like-
ly will need to do some product research. 

Figure 5-15 Energy effi ciency can be defi ned by a single metric, which 
often is expressed in kBTU/square foot/year. The agreed-upon energy 
performance target discussed during Workshop No. 1 is recorded on 
the energy benchmarking report (see Figure 5-12). Image courtesy of 
Marcus Sheffer.
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Even better, the project team could use 
LCA tools to evaluate overall environmen-
tal impacts of materials choices relative to 
significant indicators such as embodied en-
ergy, human toxicity, eutrophication, ozone 
depletion, etc.

 As discussed in Stage A.1, LEED can serve as 
a powerful tool for listing an array of project tar-
gets by utilizing the benchmarks and metrics it 
has established, through a consensus process, 
for measuring performance. Therefore, given the 
popularity and market transformation principles of 
LEED, these performance targets often are used. 
However, it is not diffi cult to shift the focus of the 
team onto the intents of each credit, since these 
intent statements serve as the basis of the met-
rics and benchmarks of LEED. Walking the team 
through the intentions behind the LEED checklist 
on a credit-by-credit basis can serve as a prima-
ry generator of the project’s principles during the 
goal-setting workshop (Workshop No. 1). These 
principles can then be used to think deeply into 
what lies beneath the project’s LEED goals, ob-
jectives, and performance targets in addition to 

producing an initial set of targeted LEED credits. 
It is useful, then, to:

• Encourage the team to look for synergies be-
tween LEED credits.

• Determine whether the LEED performance 
thresholds are achievable or even adequate: 
does the team want to target higher levels 
of performance relative to specifi c credit re-
quirements?

� Generate potential strategies for achieving iden-
tifi ed Performance Targets

Throughout the team’s discussion pertaining to 
Performance Targets, described above, we fi nd it 
both fun and productive to also talk about what 
possible strategies might be considered as a 
means of achieving these Performance Targets. 
However, at this point, it usually works better to 
think of this discussion as a brainstorming exer-
cise that is not limited by a commitment to any 
one particular strategy or defi nitive level of perfor-
mance; rather, it is helpful if these performance 
targets and strategies are identifi ed for the pur-
pose of being tested by the research and analysis 
of Stage A.3 and beyond.

LEED® as a TOOL

It is important to stress that LEED is a means, 
not an end. As such, it is just a tool. Tools can be 
used well, or they can be used badly. For exam-
ple, one of our friends makes eighteenth-century 
furniture. Given that there was no electricity in the 
eighteenth century, he does this without the use 
of power tools. A few years ago, he bought a set 
of magnificent, eighteenth-century hand gouges. 
In his hands, these gouges are exquisite tools. In 
someone else’s hands—someone less familiar 

with how to use them—those gouges are es-
sentially useless, or perhaps a little dangerous, 
even.

Well, LEED is the same way. As a tool, it functions 
to identify in a very clear format the environmental 
issues that need to be addressed. Using LEED 
well as a tool means pursuing performance targets 
based on the intent of each credit and understand-
ing that each of the “credits” represents one or 
more environmental issues that are deeply inter-

(continued)
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related. Using LEED poorly means going through 
the credit checklist and picking individual points 
to pursue as though you could pick and choose 
the cheapest items from an à la carte menu, often 
referred to as “point shopping.” The LEED program 
can be useful as a tool when we use it to deal with 
the whole, by using it to help identify all of the pieces 
with which we must deal—but we cannot treat the 
pieces as separate and separable. We must always 
iterate between the pieces and the whole.

In goal-setting workshops, it often is helpful to say, 
“If you can come up with a green strategy that be-
gins to address at least three credits or environmen-
tal issues, you’re probably on the right track.” With 
that said, a very useful exercise at the goal-setting 
workshop is indeed to go through (with the entire 
team) the LEED checklist on a credit-by-credit basis 
to collectively establish, within that framework, the 
project’s performance goals.

One way to accomplish this is to discuss each credit 
and determine as a team whether it is a credit that 
you are defi nitely going to pursue (a “YES” credit) or 
a credit that you defi nitely are not going to pursue 
(including those that are simply not applicable to the 
project), meaning it is a “NO” credit. Usually, a num-
ber of “MAYBE” credits also will emerge, perhaps be-
cause at this point, the team cannot yet be defi nitive 
either way about certain issues; but the team wants to 
leave it on the table as the process proceeds, pend-
ing additional research and analysis. In addition to 
this, we also fi nd it extremely helpful to begin assign-
ing team member responsibilities for each of the credit 
pursuits, as well as cost implications for each credit.

This may sound like it is in direct confl ict with what 
was stated above about integrating costs and not 

point-shopping, so bear with us a moment. One way 
we have found to identify these cost parameters is 
to assign to each credit a low-, medium-, or high-
cost value, based on project-specifi c parameters. 
We start by canvassing all team members in the 
room to come up with an agreed-upon low-cost 
credit threshold by asking: “what’s the amount of 
money that we could spend—as long as there was 
some benefi t—without worrying too much about 
it?” On a fi ve-million-dollar project, for example, this 
might be about $10,000. Then, to establish the high-
cost-credit threshold, we ask: “What’s the amount 
of money above which we would have to think long 
and hard about spending—and it must be very clear 
that there are signifi cant benefi ts?” Everything in be-
tween, then, is a medium-cost credit.

This by no means is being done to add up all of the 
cost implications associated with each of the boxes 
you check on the scorecard—it is being done as a 
way of evaluating potential credits in relationship to 
one another in a tangible way. The purpose of iden-
tifying cost implications is to identify the range of 
cost savings that the team needs to neutralize via in-
tegrative design strategies. In other words, it imme-
diately identifi es where integrative design strategies 
are most important in terms of cost implications.

If you look at each of the LEED credits as an over-
lay simply superimposed on top of a conventional 
design, you likely will achieve some marginal envi-
ronmental benefi t—but at what cost? You can buy 
energy recovery, green roofs, daylighting compo-
nents, and so on, but unless the team focuses on 
how these systems interrelate and can be integrated 
in terms of both performance and cost, the tool 
ends up being used badly by facilely superimposing 
green on top of convention.
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� Determine order-of-magnitude cost impacts of 
proposed strategies

Determine with the team what order-of-magnitude 
cost impacts might be anticipated for the identifi ed 
proposed strategies. This can be accomplished by 
fi rst establishing with the team what the project’s 
dollar-value thresholds might be in terms of what 
constitutes “no, low, medium, and high” costs, then 
assign one of these four tiers of cost levels to each 
proposed strategy. This also can be used to reach 
consensus about costs associated with each iden-
tifi ed LEED credit, but not to provide a means for 
“adding them up” to determine the total cost im-
pacts; rather, the identifi cation of these cost impli-
cations are provided in order to identify where inte-
grative strategies are needed to neutralize fi rst costs 
associated with these potential strategies, including 
those associated with each LEED credit. (See side-
bar, “LEED as a Tool” and Figure 5-16.)

� Determine as soon as possible the project’s 
Construction Delivery methodology—design-
bid-build or design-negotiate-build, etc.—so that 
a contractor is on board as early as possible. It 
is best if the contractor or Construction Manager 
(CM) can be present and participate in the Goal-
Setting Workshop.

� When a contractor cannot be present—as with 
the design-bid-build processes typically required 
by public procurement contracts—it is useful to 
have a CM and/or a cost estimator or quantity 
surveyor engaged to address issues of both cost 
and constructability.

� Provide time for refl ection and feedback from 
client and team members

We want to make sure that all key decision makers 
are involved in the process of establishing goals and 
project direction; this avoids decisions reached at 
the workshop from backfi ring due to lack of critical 
support or buy-in. You may recall the story in Chap-

ter 4 about the operable windows at a university 
laboratory, when the mechanical engineer essen-
tially stopped the meeting’s progress due to lack 
of aligned goals. Consequently, we have learned 
that building into the workshop intentional refl ection 
time and feedback loops that invite participants to 
pause and refl ect on how the meeting is progress-
ing can help eliminate such problems. This can take 
the form, for example, of asking the owner’s team 
to meet during lunch to discuss the fi ndings of the 
team thus far and to report back to the group as 
a means of kicking off the afternoon. This has the 
added advantage of giving people—some of whom 
may feel uncomfortable sharing their thoughts in the 
larger group format—a voice within the comfort of a 
smaller group, leading to more casual conversation 
with their coworkers. Another form this strategy can 
take might be as simple as pausing—for fi ve or ten 
minutes at a logical break point in conversation or 
at a major transition—to ask everyone to refl ect on 
what they are experiencing through this process.

� Develop an Integrative Process Road Map 
that identifi es responsibilities, deliverables, 
and dates

An Integrative Process Road Map (see Figure 5-13) 
identifi es in a detailed spreadsheet the team mem-
ber responsibilities and deliverables for engaging a 
clearly defi ned and manageable integrative design 
process that is tied to specifi c tasks and dates.

� The Road Map identifi es: responsibilities for ac-
tion items and the champions for various envi-
ronmental issues; detailed and staged deliver-
ables (so that rational system optimization deci-
sions can be made); and meeting schedules with 
purpose and expected attendees. This serves as 
a scheduling and process map that stipulates 
points of joint decision making and problem 
solving (not just individual assignments that are 
later integrated into a project).
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� The actual scheduling process of the Road 
Map is best done with the entire team or with 
a subgroup that walks the team through the 
process. All members of the team are invited 
to comment on what is needed from the others 
to help them (and the project) achieve the envi-
ronmental goals and performance targets. Re-
markable observations sometimes occur in this 
process—such as “I didn’t know I was respon-
sible for an hourly simulation model,” or “I didn’t 
realize how many meetings we were going to 
have at the beginning of the project,” or even “I 
don’t think we’re the right fi rm to be involved in 
this project.”

� This mapping process allows for the design 
team to understand the scope of the work and 
project expectations from a very detailed per-
spective. As a result, there is more likely buy-in 
from the consultants, more accurate fees, and 
greater engagement in the integrative process 
that the project will engage to address cost and 
environmental effectiveness. In addition, there 
likely will be fewer instances of begrudging 
the engagement. The integrative process typi-
cally can be mapped out in detail for a three- 
to six-month period with reasonably frequent 
adjustments as the project moves forward and 
as inevitable changes occur. It is not the most 
entertaining process, but it is a very enlighten-
ing one.

For years we waved our hands in the air thinking that 
developers, architects, engineers, and contractors 
would understand the issues and process required 
for effective integration without the need for a de-
tailed Road Map. “After all,” some would say, “we 
know how to integrate; we do complex buildings 
all the time.” The truth is that not many of us have 
had experience with truly integrative whole-systems 
thinking. Even if this was the case, a real benefi t 
results from this mapping process if, for example, 

the project manager from one of the disciplines un-
expectedly leaves the project for any reason. When 
this happens, the fi rst thing that might occur is that 
the project might be assigned to a new architect or 
engineer—perhaps someone unfamiliar with the 
integrative approach—and the pattern of work es-
tablished at the charrette will not have been internal-
ized. He or she likely will organize a process pattern 
for their work that they are familiar with, usually a 
linear one, and the opportunities for deep integra-
tion will be jeopardized.

� We like to use Microsoft Excel for this Road Map, 
since it is easy for anyone familiar with this soft-
ware program to adjust schedules.

� It is useful to conclude the workshop with a dis-
cussion about next steps to reinforce upcoming 
components of the Road Map.

As discussed above, following Workshop No. 1, a 
Proposal B can be written with a more clearly un-
derstood and defi ned scope. The tasks and fees 
associated with this scope can now be included 
more accurately in various team members’ propos-
als. These may include—but are not limited to—any 
from the following list, depending on project goals 
and parameters:

� Consultants may need additional fees to attend 
more meetings, as outlined in the Integrative Pro-
cess Road Map.

� LEED certifi cation project management and gen-
eral consulting

� LEED documentation and application support
� Energy modeling and consulting
� Design-integration facilitation and planning
� Commissioning (with defi ned scope of systems 

to be commissioned)
� Daylight modeling
� Writing a Measurement and Verifi cation (M&V) 

Plan
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� Monitoring and controls system design to imple-

ment the M&V Plan

� Materials research and/or LCA

� Green and/or LEED specifi cations

� Cost-benefi t analysis

� Drafting a Construction Waste Management Plan

� Lighting photometric plots for analyzing light pol-

lution

� Writing a Construction Indoor Air Quality (IAQ) 

Management Plan

� Green housekeeping policy and plan

� Creating green and/or LEED tenant guidelines

� Providing green education components and/or 
marketing materials for the project

� Commissioning: Initiate documentation of the 
Owner’s Project Requirements (OPR)

It is best if the Commissioning process can begin at 
this point, so it is extremely helpful to have the Com-
missioning Authority (CxA) present at this Goal-Setting 
Workshop to keep the team focused on the subse-
quent need to develop the preliminary narrative that will 
constitute the Owner’s Project Requirements (OPR). 

Owner’s Project Requirements (OPR)

Commissioning activities should begin with a sum-
mary narrative describing the results from Workshop 
No. 1. This summary narrative will become a fi rst 
pass at an Owner’s Project Requirements (OPR) 
document. Workshop No. 1 tries to elicit the client’s 
core purpose and objectives for the project, and the 
OPR should summarize the results.

The OPR should be a nontechnical narrative 
describing—in the owner’s view—what will make 
the project a success. This document is needed 
early in the process to avoid the pitfalls of mak-
ing adjustments during the latter stages of design 
and construction. How often are changes made 
late in design, or construction, simply because 
this is when the owner truly begins to understand 
the design concepts and only then begins to real-
ize that this is what he or she—the owner—does 
not want?

In our experience, people initially react cynically 
to the development of the OPR as only neces-

sary to satisfy LEED paperwork requirements—
but without this document, it is common for the 
owner’s expectations to get lost in the shuffle 
and flurry of project design activities. Often the 
design team has a view of the project—one that 
may be driven by their own familiarity, expertise, 
even specialty—that can render them unable to 
objectively understand the owner’s needs. Too 
often, the builder gets involved only after design 
is completed and is motivated primarily by maxi-
mizing profit. As a result, although the designers 
and builders might walk away feeling satisfied (1) 
because the design was really cool and just what 
the designers had envisioned and (2) because 
the contractors made a profit, the owner feels 
like saying: “Wait a minute. This isn’t the build-
ing I wanted at all. What about my goals and my 
satisfaction?”

The goal of the OPR is to capture in simple terms—
so that everyone can understand—what the owner 

(continued)
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wants. It serves as the owner’s way of communicat-
ing and aligning his or her desires with the design 
team’s conceptual thinking (i.e., what the design 
team is proposing in terms of program, performance 
issues, and general methods for achieving the proj-
ect’s objectives) and vice-versa. From the owner’s 
perspective, this document communicates: “If you 
do these things and provide the facility described 
in this document, with these parts and pieces ar-
ranged accordingly, functioning like this, and per-
forming in kind, I will be satisfi ed.” It also evolves 
over time as new discoveries emerge during the 
design process—it tells the story of the project. Con-
sequently, the development of the OPR becomes 
mutually benefi cial to both the design team and the 
owner. It is puzzling to us, then, that we have found 
it a struggle on nearly every project to get this docu-
ment done. It often requires of the Commissioning 
Authority a great deal of listening, prodding, and 
pulling to truly capture the core needs and desires 
of the owner.

The OPR is different for every project. Addition-
ally, as mentioned above, the OPR becomes 
a dynamic document that changes over time 
as the project evolves. The OPR, then, plays 
an elemental role in the integrative process 
as design progresses. In short, one might say 
that this document requires continuous main-
tenance to record changes in thinking and to 
reflect decisions made that inform and influence 
the owner’s and design team’s expectations. 
As this happens, the OPR is adjusted to reflect 
these changes in thinking. As design moves 
into construction, more evolving decisions may 
be necessary. Again, each time changes occur, 
they should be reflected in the OPR—but from a 

building commissioning perspective, the exact 

content of the OPR is not as important as its use 

for the purpose of maintaining consistency be-

tween that content and the owner’s current vision 

of the project, so that this vision matches the 

continuing development of the project’s evolution 

throughout design and construction.

To overcome some of the difficulties in getting 

the OPR documented, we often find it helpful to 

provide the owner with an OPR questionnaire to 

identify the scope of what should be contained 

and described in the OPR—to help guide the 

owner’s thinking about what the building needs 

to be and how it needs to perform. This ques-

tionnaire, then, jump starts the process of getting 

the owner to generate the content of the OPR 

document. The questions may be viewed as 

rhetorical, but they are intended to serve as the 

basis for a critical thinking exercise. Hopefully, 

as the questions are thought through, other more 

relevant questions that need to be answered will 

come to mind. The results of this critical thinking 

exercise are translated into a narrative descrip-

tion that describes what the owner views as a 

successful project—that is, the document known 

as the owner’s project requirements (OPR). Ac-

cordingly, the questionnaire’s raw questions and 

corresponding answers are not intended to serve 

as the OPR itself; rather, the questionnaire stimu-

lates the owner’s thinking and provides the own-

er with a clear framework for documenting his or 

her desires, needs, and performance goals. (See 

“Sample Owner’s Project Requirements (OPR) 

Questionnaire” sidebar on the next page.)
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Sample Owner’s Project Requirements Questionnaire

1.  Primary Project Overview—Provide an 
overview of the project
Much of this information may be extracted from 
the Touchstones and/or core values exercises, 
along with architectural programming documen-
tation and design meetings.
a. Why is the project being considered?
b. What does the owner hope to achieve by 

building this project?
c. What pertinent history is there for this project 

(that is, the history that helps to defi ne the 
present form of the project)?

d. What is the primary purpose of this project?
e. What is the primary intended use for this 

facility?
f. What is the project schedule?
g. Potential road blocks?

1. Money
2. Time
3. Permitting or entitlements
4. Partnering limitations

h. What Core Values should inform the project?
i. How will the project’s specifi c core values be 

implemented to make this a high-performance 
building?

j. Describe the basic building program for the 
project as it relates to the Core Values listed 
above.

k. Is there an established level of material qual-
ity, construction cost, and anticipated opera-
tional cost? If so, what are they?

2.  Secondary Project Goals
a. Is the project part of a larger plan or vision?
b. Is there future expansion anticipated beyond 

the primary project?
c. Will the project be completed in phases?

d. Will any such phases be anticipated in terms 
of “rough ins” required during the current 
phase to accommodate future needs?

e. Will future phases pursue LEED certifi cation 
and/or LEED-EBOM?

3.  Environmental and Sustainability Goals—
Describe specifi c environmental or 
sustainability goals
a. What are the overall environmental goals for 

this project?
b. What are the overall design and performance 

goals for this project?
c. What are the measurable performance criteria 

that will determine if this project is a success 
or not?

4.  Energy-Effi ciency Goals—Provide specifi c 
details for achieving the goals established 
through previous reviews (such as the LEED 
checklist review)
a. What special program and/or site parameters 

will infl uence energy use in this facility?
b. What special landscaping features or infl u-

ences on orientation will impact energy use in 
this facility?

c. What special construction features will infl u-
ence energy use in this facility?

d. What are the project’s energy-effi ciency goals?

5.  Indoor Environmental Quality Requirements
a. What local building- and energy-code stan-

dards are being applied to this facility?
b. Are there any general restrictions or limitations 

on this project?
c. Will there be any provisions made for future 

expansions or renovations of the building’s 
MEP systems?

(continued)
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d. Will original systems be expanded to serve 
future tenants or expansions?

e. What are the operating systems that are being 
considered on this project?

6.  Equipment and System Expectations
a. What are the systems in the building that will 

be commissioned?
b. Describe the level of quality, reliability, fl exibil-

ity, and maintenance continuity expected for 
these systems.

c. What are the warranty requirements?
d. Are there specifi c effi ciency targets, preferred 

manufacturers, or operating features that are 
known for these systems?

e. What are the allowable operating tolerances in 
the facility’s systems?

f. What specifi c building management system 
controls capabilities are required?

g. What are the system’s integration require-
ments, especially across disciplines (i.e., light-
ing controls integrated with HVAC controls)?

7.  Building Occupancy Requirements
a. What are the user’s requirements for all 

spaces?
b. What are the occupancy requirements for 

each space?
c. What is the time-occupancy schedule for each 

space?

d. What future occupancy requirements are cur-
rently under consideration?

e. Are occupancy-use changes in the future an-
ticipated for the spaces created in this phase 
of the project?

8.  Operations and Maintenance Personnel 
Requirements
a. What are the project documentation require-

ments (systems manuals)?
b. Who is (or will be) the owner’s key mainte-

nance offi cer?
c. What are the training requirements for the 

owner’s personnel?
d. Are there any additional warranty require-

ments beyond the typical one-year-guaran-
tees period, and if there are any such require-
ments, what are they?

e. What are the operational and maintenance 
criteria for the facility? (These criteria 
should reflect the owner’s expectations 
and capabilities and realities of the facility 
type.)

f. What equipment and system maintainability 
expectations, including limitations of operat-
ing and maintenance personnel, does the 
owner have?

g. What is the anticipated service life of the 
building?
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A.2.2  Principles and Measurement

� Document Touchstones, Principles, Metrics, 
Benchmarks, and Performance Targets from 
Workshop No. 1

The follow-up report that documents the results 
from Workshop No. 1 becomes far more effec-
tive if it is a principles-based report, because it 
is the principles, values, and aspirations of the 
team that will generate the most powerful and ef-
fectively integrated solutions. Accordingly, these 
principles should form the basis (and even the or-
ganizational structure—perhaps around the four 
key subsystems) of the narrative for this report 
in terms of pointing the team in the appropriate 
direction for making discoveries and design de-
cisions throughout the rest of the process. Addi-
tionally, this report should include an expanded 
and annotated LEED checklist (for LEED projects) 
with an additional column for detailed comments 
describing potential strategies, responsibilities, 
and the cost implications described below under 
Stage A.2.3.

A.2.3  Cost Analysis

� Document order-of-magnitude cost impacts of 
proposed strategies to refl ect input from Work-
shop No. 1

The order-of-magnitude cost implications that were 
identifi ed in terms of “no, low, medium, and high” 
costs for each strategy identifi ed in Workshop 
No. 1, as described above, should be document-
ed. This documentation can identify rule-of-thumb, 
line-item costs associated with each strategy. Fur-
ther, this documentation should not be limited to 
costs associated with green strategies alone, but 
it should include every strategy so that compara-
tive conventional benchmarks that will populate 
the cost-bundling template, as described in Stage 
A.3.3, can be established. This sets the stage for 

identifying the cost trade-offs between implement-
ing bundled green strategies and line items of con-
ventional strategies, so that such trade-offs can be 
quantifi ed, explored, and compared in more detail 
during later stages. 

A.2.4  Schedule and Next Steps

� Adjust Integrative Process Road Map to refl ect 
input from Workshop No. 1

This should include further input from any identifi ed 
team member and/or stakeholder that may not have 
been present at Workshop No. 1.

� Distribute Workshop No. 1 report

It is extremely important to document the results of 
each workshop in a report for distribution to all team 
members. This report should contain the following 
from Workshop No. 1:

� Meeting agenda

� Lists of attendees

� Photos of activities

� Results from the Touchstones (and/or Core Val-
ues) exercise

� Initial OPR document or date when OPR will be 
written and by whom

� Initial Principles, Metrics, Benchmarks, and Per-
formance Targets (including LEED scorecard as 
described above)

� Cost analysis (as described above), including 
any initial cost-bundling template input.

� Integrative Process Road Map spreadsheet of 
schedule and tasks

� Bulleted list of next steps

(Sample Goal-Setting Workshop and project char-
rette reports can be downloaded as pdf fi les from 
the Resources tab on 7groups’ website at www.
sevengroup.com.)
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2Figure 5-16 This LEED 
scorecard resulting from 
Workshop No. 1 includes 
order-of-magnitude cost im-
plications to help identify the 
places where the team will 
need to focus on integrative 
design strategies. Usually, 
this scorecard has additional 
columns to the right that 
identify potential strategies 
and the primary party respon-
sible for coordinating the 
team’s efforts relative to the 
issues associated with each 
credit’s achievement. Image 
courtesy of John Boecker.
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Part A – Discovery Part B – Design and Construction
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Figure 5-17 Integrative Process 
Stage A.3, Research and Analysis: 
“Evaluating Possible Strategies.” 
Image courtesy of 7group and Bill 
Reed; graphics by Corey Johnston.

Stage A.3
Research and Analysis: Evaluating Possible Strategies

A.3.0  Prepare Proposal B

� Develop Proposal B: confi rm scope and fees based on Workshop No. 1 scope refi nement

A.3.1  Research and Analysis Activities: First Iteration

� Explore and identify a wide range of opportunities and possible strategies before collapsing into solutions
� Expand the analysis of the four key subsystems:

� Habitat
� Water
� Energy
� Materials

A.3.2  Principles and Measurement

� Evaluate design concepts against Performance Targets from Workshop No. 1
� Commissioning: Prepare conceptual phase OPR

A.3.3  Cost Analysis

� Apply unit cost estimates to the integrative cost-bundling template

A.3.4  Schedule and Next Steps

� Update Integrative Process Road Map in preparation for Workshop No. 2
� Prepare Agenda for Workshop No. 2
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Stage A.3

Research and Analysis: Evaluating Possible 
Strategies

From this point forward, the process begins repeating 
the pattern of Research and Analysis followed by Team 
Workshops that was described at the beginning of this 
chapter. During this Research and Analysis stage, the 
team continues to refi ne initial studies, based on the un-
derstandings developed at Workshop No. 1, by testing 
design concepts and performance targets for feasibil-
ity. This process is highly iterative.

A.3.0  Prepare Proposal B

� Develop Proposal B: confi rm scope and fees 
based on Workshop No. 1 scope refi nement

If using a two-part fee proposal, as discussed 
in Stage A.1, develop Proposal(s) B to defi ne the 
scope of services for all team members, including 
any potential additional consultants needed.

� We have found that the integrative process usu-
ally requires restructuring conventional propos-
als by reallocating fees per phase in order for 
fees to be commensurate with the effort being 
expended in each phase. As discussed in the In-
tegrative Process Overview at the beginning of 
this chapter, much more time is required in the 
earlier phases compared to conventional design, 
particularly during the Discovery Phase. How-
ever, the construction documents (CD) phase, 
for example, becomes shortened and reserved 
solely for documentation, rather than becom-
ing protracted and ineffi cient due to lack of fully 
informed design decisions. Consequently, the 
total design and documentation time frame is 
the same, but the allocation of effort is front-end 
loaded (see Figure 5-2 and Figure C-1).

� Accordingly, teams now can be doing what the 
American Institute of Architects (AIA) B101TM-2007 
“Standard Form of Agreement between Owner 

and Architect” (that has replaced the former AIA 
B141 contract) states should be done in the CD 
phase—documentation.

� We have found that shifting effort to earlier phases 
with deeper analysis can produce more effective 
solutions by making decisions during the sche-
matic design (SD) phase that often get delayed 
to the CD phase in the conventional process. 
The resulting impacts of such conventionally de-
layed decisions often contribute to what might be 
called “design gridlock,” which in turn results in 
signifi cantly oversized systems, redundancies, 
ineffi ciencies, and associated increased costs. 
One example can be seen by revisiting the paint/
lighting/HVAC story presented in Chapter 2:

� Final lighting design typically occurs during the 
latter part of the CD phase (many have jokingly 
said that the fi nal lighting design does not hap-
pen until addenda to the CD package are issued). 
One reason for this is that the lighting designer 
typically will not begin the lighting design until 
the architect provides a detailed refl ected ceiling 
plan. Further, as you may recall from Chapter 2, 
lighting design typically is based on rule-of-thumb 
refl ectance values for walls and ceilings. Almost 
universally, refl ectances of 80-50-20 (for ceilings-
walls-fl oor) are used by lighting designers to cal-
culate the required number of lighting fi xtures in a 
space, rather than the actual refl ectances of the 
surfaces in the room. Lighting designers typically 
are forced to use such assumptions, because the 
architect or interior designer has not yet selected 
fi nal paint colors or ceiling fi nishes—which some-
times does not happen until after construction 
contracts are awarded. Consequently, lighting 
capacity usually ends up being oversized, some-
times double what is required.

� Since the fi nal lighting design does not occur un-
til later in the CD phase, the mechanical designer 
assumes code values instead of actual calculat-
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ed loads for lighting. The code values—referred 
to as lighting power density (LPD), which are 
expressed in watts per square foot—are maxi-
mum allowances, so the actual value is likely to 
be lower—in an energy-effi cient building, signifi -
cantly lower. This results in HVAC systems that 
are signifi cantly oversized due to a lack of coor-
dination earlier in the design process.

The essential point here is that integrated decisions 
need to be made before the CD phase so that the 
design is already fully informed before documenta-
tion begins. In this particular case, the project team 
should agree on a value for lighting power density 
early in design—or before design begins—so that 
the lighting designer has a not-to-exceed target that 
the mechanical designer can use when calculating 
the building’s heating and cooling loads. This will 
require that the lighting designer engage in the light-
ing system design far earlier than is the norm and 
coordinate with the architect or interior designer to 
get the refl ectance values of the selected ceiling and 
wall surfaces before documentation begins.

A.3.1  Research and Analysis Activities: First Iteration

� Explore and identify a wide range of opportuni-
ties and possible strategies before collapsing 
into solutions

This exploration involves brainstorming how loads, 
program elements, and systems might be down-
sized and possibly eliminated to achieve targeted 
goals. The design team should list a wide range of 
design ideas and opportunities in terms of interrela-
tionships, techniques, technologies, materials, and 
systems to investigate.

� We are not optimizing yet; we are just exploring 
possibilities that will help achieve the objectives 
and performance targets established in Stage A.2.

� We encourage teams not to be encumbered by 
practicalities at this stage. This is the chance for 

blue-sky ideas that may not seem possible or 
likely and that otherwise might be left unexplored.

In other words, we are not trying to focus on solu-
tions yet; rather, we are expanding the fi eld of pos-
sibilities during this stage.

� Expand the analysis of the four key subsystems

Expand the initial analysis of the project’s context 
and site performed during Stage A.1 research and 
analysis into more project-specifi c issues. This in-
volves engaging a preliminary analysis of fl ows, 
relationships, and economics (including both con-
struction and operations costs) between the per-
formance targets established at the prior workshop 
and the project’s programmed base conditions. On 
LEED projects, for example, this includes research-
ing further the achievability of the LEED credits tar-
geted at Workshop No. 1 and either verifying that 
they remain feasible or discovering that some of the 
pending “maybe” credits are achievable. More im-
portantly, work with team members both individually 
and in larger groups, as necessary, to test systems 
associated with the four key subsystems, as de-
scribed in the following examples:

� Habitat (human and other biotic systems)
 Perform initial analysis of potential local habitat 

impacts and identify potential strategies to mini-
mize negative impacts and/or develop restor-
ative design concepts. At this point, additional 
expertise may be needed or desired to engage 
habitat issues more fully; a list of potential sys-
tems consultants is provided in the Stage A.5.1 
discussion on habitat.

  On the human side, examine potential strat-
egies to address indoor environmental quality 
(IEQ) issues such as establishing daylighting cri-
teria, initial thermal comfort parameters (includ-
ing design temperatures) and potential adaptive 
thermal comfort strategies (see sidebar), natural 
or other ventilation systems, and so forth.
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Adaptive Thermal Comfort

Our individual thermal comfort is determined by 
numerous factors. Obviously, temperature and hu-
midity are important, but they are not the only deter-
minants of a thermally comfortable environment; the 
mean radiant temperatures of surrounding surfaces, 
airfl ows, activity level, and clothing insulation also 
contribute to an individual’s thermal comfort.

Thermal comfort is an important factor related to 
individual productivity; if occupants are more com-
fortable, they likely are more satisfi ed, happier, and 
less distracted; therefore, they can focus more on 
the task at hand (see “Building Investment Decision 
Support (BIDS): A Framework for POE” sidebar in 
Chapter 8). It also is a signifi cant factor in the siz-
ing of HVAC equipment and overall building energy 
use. Quite often internal thermal comfort conditions 
are treated as a given. For example, it is assumed 
in most offi ce scenarios that temperature settings 
will range from, say, 72°F to 75°F year round, and 
humidity levels will not be allowed to exceed 55 
percent RH in the summer. If these thermal comfort 
ranges can be extended, it is possible to reduce 
HVAC system size and save energy.

The chart below (Figure 5-18) demonstrates accept-
able temperature settings depending on the level of 
clothing insulation. The warmer one dresses in the 
winter and the lighter one dresses in the summer 
can profoundly infl uence temperature settings. For 
example, our offi ce dress code allows employees 
to wear shorts during the cooling season. This en-
ables a summer temperature setting of about 80°F, 
which contributes to energy savings and therefore a 
cooling system size of approximately 1,000 square 
feet per ton (about 350 square feet per ton is the 
norm for offi ces in our climate). Other factors that 
contribute toward allowing the higher temperature 
settings include ceiling fans to move the air, high-
performance operable windows, a well-insulated 
structure, and good daylighting design to minimize 
heat generated by light fi xtures (since they can be 
turned off during most working hours) and to keep 
out the high-altitude summer sun.

A 2007 study by the Center for the Built Environment, 
entitled “Operable Windows and Thermal Comfort,” 
examined how operable windows affect occupant 
thermal comfort; the study concluded that “our fi nd-

Figure 5-18 One of the factors that determines our individual thermal comfort is clothing. This table shows how the range of acceptable 
temperature settings in a space varies based on types of clothing. Image courtesy of ASHRAE Standard 55-2004. © American Society of Heating, 
Refrigerating and Air-Conditioning Engineers, Inc., http://www.ashrae.org.

(continued)
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ings reinforce the notion that the wider range of tem-
peratures permitted under the new adaptive version of 
comfort standards will meet with occupant acceptance 
if those occupants have personal control of environ-
mental conditions.” Quite often the level of individual 
controllability has a profound effect on thermal com-
fort. Much of this may simply be psychological, in that 
everyone has their own personal preferences, and 
these may differ widely. Even the perception that we 
have some individual control can have an effect. The 
old joke about saving energy by installing placebo 
(dummy) thermostats unconnected to anything has 
some merit, but the effect is even greater if the control-
lability is real.

Factors as simple as the chair you sit in can have a 
relatively large impact. The trend in offi ce seating is to 
use chairs that foster airfl ow. Instead of solid backs 
and seats, porous materials are used in part to encour-
age the fl ow of heat and water vapor away from our 
bodies. This potentially allows occupants to remain 
more comfortable at higher temperature settings.

The point to remember is that many small actions 
can combine to create a large effect. Building own-

ers should be encouraged to examine their assump-
tions regarding factors ostensibly unrelated to build-
ing performance, such as dress codes and furniture 
selection. By expanding the range of assumed ther-
mal comfort parameters in early design, and therefore 
interior temperature settings during operations, proj-
ect teams can potentially allow owners to downsize 
equipment and thereby save money and energy.

Figure 5-19 Ceiling fans are a viable, adaptive thermal comfort 
strategy that increases airfl ow and enables temperature set points to be 
higher in the cooling season. The use of ceiling fans during the heating 
season to circulate warm air at the ceiling is a persistent energy myth. 
This practice does not save energy nor does it enable lower heating 
season temperature settings. Image courtesy of Marcus Sheffer.

Figure 5-20 In some climates, the cost of additional air-conditioning required to counteract the insulating properties of upholstered seating can 
be a signifi cant expense. A report published by the Rocky Mountain Institute estimates that an upholstered offi ce chair, by insulating 20 to 25 
percent of the body’s surface, adds $140 to $290 per worker in HVAC, utility, and equipment costs (Houghten et al. 1992, from The Attributes of 
Thermal Comfort, Herman Miller, Inc., 2005). By helping to maintain neutral body temperatures, a noninsulating chair requires less cooling and 
no additional heating to maintain thermal comfort. Used with permission from Herman Miller, Inc.
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� Water
 Investigate strategies associated with water quality 

and water conservation (including stormwater, soil 
permeability, initial quantifi cation of annual water 
consumption and wastewater generation, etc.) to 
test the ability for achieving initial performance tar-
gets with preliminary input and output modeling. 
(See water balancing discussion and “The Water 
Balance” sidebar in Stage A.5.1.)

� Energy
 Based on the strategies and overall energy per-

formance targets established in Workshop No. 1, 
the analysis in this stage begins to hone in on 
more specifi c performance goals and strategies. 
The strategies analyzed at this point should fo-
cus on measures that will have signifi cant impact 
on the design of the building.
• The fi rst two stages focused on establishing 

an overall energy performance target, typically 
expressed as kBTU/square foot/year. Several 
additional performance parameters related to 
the building and systems design should now 
be established as a subset of this overall goal. 
The specifi c parameters may vary depending 
on the building type and size. Examples of 
such parameter goals applicable to most proj-
ect types include: square foot per ton of cool-
ing, watts per square foot of lighting, watts per 
square foot of plug load, and thermal comfort 
ranges, as discussed above (see Figure 5-21).

• It is essential that these additional performance 
parameters be established if the project ex-
pects to achieve the overall energy perfor-
mance target. Each of these specifi c parame-
ters requires that individual designers address 
their specifi c systems in the context of this 
overall target—in relationship with numerous 
other systems. This helps to address one of 
the major limitations associated with establish-
ing an overall energy performance target—no 

individual can claim stewardship of the overall 
performance, since it requires the cooperative 
participation of the entire team.

• Perform simple building-massing energy 
modeling options to explore “large-grain” is-
sues, such as: site-specifi c solar orientation; 
footprint and massing relationships (e.g., two 
versus three fl oors); apertures (e.g., 20–25 
percent as a starting point); load profi les; day-
lighting opportunities; wind profi ling; potential 
for natural ventilation; and so forth. Whereas 
Stage 1 “simple-box” modeling was looking 
at broad-brush parameters to identify general 
load distributions, the preliminary modeling at 
this stage starts to test potential options for the 
issues listed above relative to the project objec-
tives established at the goal-setting workshop. 
The effects of presenting such early prelimi-
nary modeling should not be underestimated; 
we have found that debating prescribed per-
formance thresholds or preconceived build-
ing massing, confi guration, and orientation 
with the team is one thing—but showing them 
quantifi ed comparisons of different scenarios, 
accompanied with the modeling tool’s graphic 
outputs is something quite different. This ap-
proach typically is far more convincing with 
regard to producing effective alternative sce-
narios (see Figures 5-22 through 5-25).

� Materials
 Develop a materials comparison using LEED crite-

ria and/or begin initial life cycle assessment (LCA) 
with tools such as the ATHENA® Impact Estimator 
for Buildings to engage comparative analyses of 
structure and envelope systems options. A descrip-
tion of this tool and a detailed example of such an 
analysis is discussed in the “Life Cycle Assessment 
(LCA) Tools and Environmental Benefi ts” section 
of Chapter 6 and continued in the “Materials” sec-
tion of Stage B.2.1.
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Figure 5-21 Sample energy performance parameters from a government campus in North Carolina. Overall energy 
performance goals often need to be broken down into performance goals related to individual building systems, 
such as lighting power density (for the lighting system) or square foot per ton of cooling (for the cooling system). 
These values then provide coordinated guidance for the various engineers responsible for designing the lighting 
system, mechanical system, and so on. These parameters should be discussed at Workshop No. 2 in the context of 
the project’s overall energy-effi ciency goals. Image courtesy of Marcus Sheffer.
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4 Figure 5-24 (See Figure 5-22.) Image courtesy of 
The Design Alliance Architects, Pittsburgh, PA;  © 2008; 
Phipps Center for Sustainable Landscapes.

4 Figure 5-23 (See Figure 5-22.) Image courtesy of Andrew Lau.

3 Figure 5-25 (See Figure 5-22.) Image courtesy of 
Gerren Wagner.

4 Figure 5-22 Simple building massing 
sketches can be converted to simple box energy 
models. In both cases, only a single wing of 
this sketch was modeled to simplify this early 
energy modeling, as depicted in Figures 5-23, 
5-24, and 5-25. The purpose of the model-
ing at this stage is to evaluate “large-grain” 
potential building confi guration differences, so 
only the largely differing options will need to be 
modeled. Image courtesy of The Design Alliance 
Architects, Pittsburgh, PA;  © 2008; Phipps 
Center for Sustainable Landscapes.
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  LCA is the process of looking at the build-
ing as a whole, especially related to the ma-
terials and the energy used over the life of the 
project. LCA leads us to a different decision-
making model about materials. We are begin-
ning to look beyond just the single attributes of 
any given material and to determine the overall 

impacts of a product’s life over time across a 
number of environmental impact indicators. 
One thing becomes very clear when using LCA: 
all materials have an impact and determining 
which materials are “best” is often a subjective 
choice based on a trade-off of some sort (see 
sidebar, above).

Life Cycle Assessment (LCA) Overview

Life cycle assessment (LCA) is a scientifi c methodol-
ogy for holistic thinking. This holistic thinking leads 
us to a new decision-making model about materials. 
The conventional wisdom about materials is that 
there are “good” and “bad” materials for the envi-
ronment. LCA teaches us that some materials are 
better than others; but, for the most part, deciding 
what to use is a process of determining what is most 
important. In other words, there is always a trade-off 
in terms of environmental impacts. Determining what 
that trade-off is becomes the responsibility of the 
decision maker. This is sometimes called weight-
ing. In other words, what environmental impacts are 
most important to you? It is important to note that 
this question does not mean that the things we end 
up caring less about—or weight as less important—
are actually less important. Rather, LCA provides 
design teams with a framework for making decisions 
about materials impacts. For example, if carbon 
dioxide emissions are deemed most important, you 
likely will seek materials other than concrete (due to 
the CO2 emissions associated with cement produc-
tion), or you might look for ways to reduce the car-
bon impact of your concrete via cement displace-
ments, such as high fl y ash or ground granulated 
blast-furnace slag (GGBFS) displacements of port-
land cement. If water is considered most important, 
then you likely will stay away from steel, as steel 

uses a lot of water in its processing. If land use is 
the most important, then you might stay away from 
wood. If overall environmental impact is most impor-
tant, you will look for materials that already exist, so 
you will look for an existing building to reuse, and/
or you will look to reuse salvaged materials from an-
other building.

This decision-making model begins with the as-
sumption that you are always making choices based 
on prioritized environmental impacts relative to an-
other material. You are never making choices in a 
vacuum. Obviously, when you choose not to use a 
certain material, you are making that choice relative 
to the materials that you could have used other-
wise. In other words, you are using the LCA tool to 
compare the impacts of a proposed design choice 
(of a material or assembly) relative to a benchmark 
case; for example, you might want to compare the 
overall environmental impacts of simply polishing 
your concrete slab instead of putting carpet on top 
of it. Another example might be optimizing structural 
components, such as engaging comparative analy-
ses of different widths of column-bay spacing. As 
such, LCA tools can help designers to quantify the 
environmental impacts of various materials and/or 
assemblies in order to inform design decisions. This 
is described more fully in subsequent stages.
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  Several major concepts come into play when 
using LCA and thinking from a life-cycle per-
spective. They include service life, durability, 
delamination, and deconstructability. The fi rst of 
these, service life, refers to how long the build-
ing is being designed to last. According to J. C. 
Perrault, the “service life of a building is that pe-
riod during which the building performs without 
serious breakdown, operates with reasonable 
economy and performs the function for which it 
was intended.”* It is most important to establish 
an explicit projected service life for the building—
being intentional about the service life can have 
a profound impact on the decisions made at this 
stage of design.

  We ask project teams early on if they have an 
intended service life in mind. Heads always nod 
yes, with the almost constant answer being fi fty 
to sixty years. However, we have found that this 
issue usually has not been well thought out, if 
thought about at all, in quantifi able terms. When 
pressing the question further, the owner is not 
always comfortable with the idea that the build-
ing will have to be rebuilt in fi fty to sixty years, 
especially in institutional settings. When this con-
versation does not occur, a vague discussion 
about durable materials usually ensues, and the 
concepts related to durability become a proxy for 
service life itself. (More about service life later.)

  Durability, however, functions within the context 
of service life. Any building system will last only as 
long as the entire combination of components of 
the system last. For example, a window will last as 
long as the weakest component of the window, 
which is likely to be a rubber seal. The glass might 
last centuries, as might cladding on a wood win-

dow frame; but all of the glass and the cladding 
become useless as parts of the window once the 
seal breaks. The same thinking applies to the rest 
of the building. If the design team has in mind an 
intended service life that can be incorporated into 
the project’s future planning in any way, the out-
come is signifi cant. One of the most powerful and 
positive examples we have seen of project teams 
using this thinking was when an institution decid-
ed (prior to hiring their architect) that their building 
would be designed and built to last three hundred 
years. This decision altered almost every subse-
quent decision throughout design.

  Delamination is “not using what you don’t 
need” by eliminating layers of materials, for ex-
ample, using polished concrete fl ooring in lieu of 
adding another layer of fl ooring material such as 
vinyl composition tile (VCT), rubber fl ooring tiles, 
ceramic tile, or carpet.

  Deconstructability is designing for ease of dis-
assembly after the building’s useful life in order 
to provide feed stock of materials for future build-
ings, as mentioned in reference to the Chartwell 
School at the end of Chapter 4.

  During this stage, such possibilities should be 
investigated and explored relative to the Prin-
ciples and Performance Targets established at 
Workshop No. 1.

A.3.2  Principles and Measurement

� Evaluate design concepts against Performance 
Targets from Workshop No. 1

These evaluations will require the level of analysis 
described above for the four key subsystems to as-
sess in more detail the Performance Targets estab-
lished by the team during Workshop No. 1 and to 
verify that they are capable of being achieved or ex-
ceeded by the expanded set of possible strategies 
being explored during this stage.

*“Service Life of the Building Envelope,” an article published as part of the 
technical documentation produced for Building Science Insight ’84, “Per-
formance of Materials in Use,” a series of seminars presented in major cit-
ies across Canada in 1984. Available from the National Research Council 
Canada website at http://irc.nrc-cnrc.gc.ca/pubs/bsi/84-1_e.html.
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An architect with whom we were working recently 
described how the identifi ed principles of reduc-
ing resource consumption and recycling led to an 
expanded set of possible strategies explored by 
his team on a Las Vegas casino project pursu-
ing LEED certifi cation. Instead of simply provid-
ing recycling infrastructure for the occupant waste 
streams and increasing the recycled content of the 
building’s materials, the team proposed thinking 
of the entire city of casinos as a resource for fu-
ture reconstruction. This seemed obvious to him, 
after he realized that the average life spans of ca-
sinos range from ten to fi fteen years; therefore, a 
much larger impact could potentially be achieved 
by designing the casino to be deconstructable, 
thereby providing a resource pool of its materi-
als at the end of its short useful life. The resulting 
strategy was based more on the team’s targeted 
principles pertaining to resource consumption 
than trying to meet the LEED prerequisite for re-
cycling occupant waste or the recycled content 
credit—a remarkable leap that unfortunately was 
considered too radical by the casino owner . . . at 
least for now.

� Commissioning: Prepare conceptual phase 
OPR

� Using the outline provided in the OPR ques-
tionnaire discussed in the “Owner’s Project 
Requirements (OPR)” sidebar and the “Sample 
Owner’s Project Requirements (OPR) Question-
naire” sidebar in Stage A.2.1, the design team 
and the owner begin the process of extracting 
the owner’s conceptual project requirements 
from the responses to this questionnaire and 
developing the fi rst iteration of the OPR. Usu-
ally by this stage, it becomes evident that “the 
owner” represents more than one person, so 
the questionnaire may need to be distributed to 
a number of key people on the owner’s team. 
If each of these people representing the var-

ied interests of “the owner” can be identifi ed 
early on and resourced, the outline for the OPR 
can be derived from this questionnaire. The 
responses and results can then be collated 
and fi ltered to produce the conceptual phase 
OPR—a more complete and comprehensive 
representation of the objectives and require-
ments from the full owner’s team that ultimately 
will drive the project.

� Based on the owner’s responses to the OPR ques-
tionnaire, the Commissioning Authority (CxA) may 
need to provide guidance to the owner in order 
for the owner and project team to complete the 
conceptual phase OPR document. Remember, 
that this document will evolve over time as design 
decisions are made; hence, as the process pro-
gresses from conceptual design to completion, 
similar updating exercises are recommended.

� The CxA’s input can be extremely valuable in as-
sisting the cost-estimating tasks described in the 
cost analysis Stage A3.3 (below) by helping iden-
tify various optional components that should be 
incorporated into the integrative cost-bundling 
template. For example, how complicated or sim-
ple can or should the building’s control system 
be? In other words, what are the appropriate op-
tions to consider?

A.3.3  Cost Analysis

� Apply unit cost estimates to the integrative 
cost-bundling template

We now can begin inputting data into the cost-
bundling framework, or spreadsheet template cre-
ated during Stage A.1, and expanding it based on 
the strategies identifi ed at Workshop No. 1. Strat-
egies further explored and identifi ed during this 
research and analysis stage may also be added. 
This template can be used to accurately portray 
both initial cost and life cycle cost considerations, 
as follows:



� Use line-item unit cost estimates as a starting 
point for understanding the fi rst-cost impacts of 
the alternative systems components (and sys-
tems groupings) that are being tested, modeled, 
and considered. We do this to create a “project 
palette” of line-item costs for these alternatives 
that allows the team to see the whole set of po-
tential project systems (and associated compo-
nents) costs, so that the team can assemble, 
or bundle, interrelated system “groupings” or 
“combinations” of systems and components. In 
other words, we draw from this list items that are 
related to each other with regard to how they in-
teract in terms of their costs. It should be noted 
that the line-item costs for each listed component 
do not need to be fi nely honed at this stage; it is 
the relative difference between the costs of each 
alternative “grouping” or “combination” that is 
being explored.

� Consider a net-present-value analysis of life cy-
cle costs to include:

• First cost of systems options

• Operations, maintenance, and replacement 
costs

• Productivity and environmental cost impacts, 
when possible

 In other words, expand the list (or “palette”) in the 
template to include life cycle cost impacts related 
to each systems option. Even before the project 
is defi ned with any level of specifi city, it is use-
ful to develop a cost estimating framework that 
lists the elements of a generic project of a similar 
type to use for comparisons and benchmarking 
purposes. Again, by establishing this list in func-
tional groupings, the team has a tool it can use 
to systematically understand the impacts of one 
subsystem on another in subsequent phases.

� When considering a given strategy that appears 
to cost more as a set of line items, analyze what 
other systems can be downsized or eliminated 
to offset these fi rst costs. As we have seen, ev-
ery system is connected in multiple ways to other 
systems in a project and so are their costs in 
terms of trade-offs. Accordingly, teams should 
be encouraged to avoid locking into a “line-item” 
mentality that does not take into account the im-
pacts that one system’s cost may have on the 
cost of other systems or components—hence 
the term cost bundling.

A.3.4  Schedule and Next Steps

� Update Integration Process Road Map in prep-
aration for Workshop No. 2

Adjust and refi ne the Road Map with the project 
team, as necessary, and clarify next steps. At this 
point, the schedule of tasks, team conference calls, 
meetings, and analysis processes will almost al-
ways need to be altered to accommodate the inter-
im meeting dates, times, and deliverables that occur 
between major workshops and charrettes.

� Prepare Agenda for Workshop No. 2

The importance of developing the agenda with a stat-
ed purpose and objectives for Workshop No. 2 can-
not be understated. This task is similar in nature to the 
discussion in Stage A.1.4 about creating the agenda 
for the fi rst workshop, but it may be even more impor-
tant at this stage. Again, this can be accomplished 
by scheduling a conference call or two with the ap-
propriate key team members. In addition to clarifying 
expected outcomes, this call also creates an oppor-
tunity for project team members to assess the status 
of the research and analysis that is expected to be 
completed in preparation for Workshop No. 2.
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Stage A.4
Workshop No. 2: Conceptual Design Exploration

A.4.1  Workshop No. 2: Activities

� Assess the fi ndings from Stage A.3 (Research and Analysis) of the four key subsystems:

� Habitat
� Water
� Energy
� Materials

� Generate conceptual site and building design concepts from:

� Touchstones and Principles
� Site forces
� Community and watershed living-system patterns
� Functional program
� Breakout group working sessions

� Confi rm alignment with Touchstones, Principles, Metrics, Benchmarks, and Performance Targets
� Review integrative cost-bundling studies in progress
� Review and adjust the Process Road Map
� Provide time for refl ection and feedback from client and team members
� Commissioning: Review Owner’s Project Requirements (OPR)

A.4.2   Principles and Measurement

� Document adjustments to Performance Targets to refl ect input from Workshop No. 2
� Commissioning: Adjust OPR to refl ect input from Workshop No. 2

A.4.3  Cost Analysis

� Update any required integrative cost-bundling templates to refl ect input from Workshop No. 2

A.4.4  Schedule and Next Steps

� Update Integrative Process Road Map to refl ect input from Workshop No. 2
� Distribute Workshop No. 2 Report

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVo OVV

pancy,Part C – Occup
and Operations, 
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Figure 5-26 Integrative Proces 
Stage A.4, Workshop No. 2: “Con-
ceptual Design Exploration.”Image 
courtesy of 7group and Bill Reed; 
graphics by Corey Johnston.
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Stage A.4

Workshop No. 2: Conceptual Design 
Exploration

This workshop, or charrette, initiates the transition from 
research and alignment of objectives to the actual de-
sign process. It is best when this charrette can focus 
on generating conceptual design ideas; but if a project 
enters the integrative process late, this charrette also 
can focus on reviewing conceptual design ideas that al-
ready have been developed and exploring alternatives.

The project’s key team members who attended 
Workshop No. 1 should be present at Workshop No. 2 
so that team buy-in and a sense of “ownership by all” 
continues to develop.

It should be noted that the Implementation Outline 
above can be used as a template for creating a Work-
shop No. 2 agenda and tailored to the specifi c parame-
ters of each project. However, the agenda for this session 
needs to remain fl uid and fl exible during the workshop, 
allowing for it to change in response to the “energy in the 
room” (as always), the degree of progress made during 

each activity, the potential exploration of new discoveries, 
and so forth. It also should be noted that this workshop 
can occur as an all-day event on a single day, or it can be 
structured to last as long as three or four days, depend-
ing on project complexity and the team’s goals.

If the builder has not been involved up until now, this 
is an important stage at which the builder’s participa-
tion becomes highly valuable. In particular, the creative 
experience and additional perspective on design ideas 
that builders can offer, not to mention their thoughts on 
how design impacts constructability and cost, are often 
overlooked. In other words, the builder is best viewed 
as another co-designer.

A.4.1  Workshop No. 2 Activities

� Assess the fi ndings from Stage 3 (Research 
and Analysis) of the four key subsystems

Review with the entire team the results of the Stage 
A.3 analysis of fl ows, relationships between the proj-
ect program and the base conditions, and impacts 
on economics (budget and operations costs).

Figure 5-27 The workshop 
kicks off by reviewing with the 
entire team the research and 
analysis results from the prior 
stage to inform conceptual 
design explorations across all 
four key subsystems. Image 
courtesy of Marcus Sheffer.
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� Habitat (human and other biotic systems)
 Review Stage A.3 analysis of potential site-spe-

cifi c local habitat impacts and strategies, along 
with IEQ approaches applicable to the project, 
including any associated quantifi ed results, to 
inform the day’s conceptual design iterations.

� Water
 Review Stage A.3 fi ndings and potential strate-

gies applicable to the project associated with 
achieving initial performance targets for water 
quality and water conservation (including storm-
water, soil permeability, quantifi cation of annual 
water consumption and wastewater generation, 
etc.).

� Energy
 Review the proposed performance parameters 

related to HVAC system sizing, lighting power 
density, renewable contribution, daylighting, 
thermal comfort, and so on. Discuss and adjust 
the specifi c parameters that will be used to guide 
the initial design effort. Encourage the project 
team to be somewhat aggressive in their targets 
at this point, since these values will be revisited 
and adjusted as necessary.

  Review results from Stage A.3 energy modeling 
of options (and parameter combinations) derived 
from the simple building massing explorations to 
inform the day’s conceptual design iterations. 
Discuss and identify potential load reduction 
strategies to be explored in Stage A.5 (Research 
and Analysis) parametric modeling runs. Also, 
identify energy impacts associated with trans-
portation issues for further analysis in Stage A.5.

� Materials
 Review materials in light of the material-selection 

principles and the comparative analyses con-
ducted in Stage A.3, such as initial LCA results, 
to identify initial impacts of structure and enve-
lope systems options.

� Generate conceptual site design solutions and 
building design concepts

This workshop serves as a design charrette intend-
ed to generate initial conceptual design ideas that 
can be explored further and tested by research and 
analysis in Stage 5. Conceptual site and building 
design concepts result from engaging the following 
activities during this workshop:

� Touchstones and Principles
 We fi nd it important to briefl y review with the en-

tire team the Touchstones and Principles identi-
fi ed at Workshop No. 1 to ensure team alignment 
around performance goals and the project’s ob-
jectives while exploring conceptual design ideas 
throughout the day.

� Site forces
 The conceptual design effort at this charrette 

often begins with a group site forces exercise, 
which involves diagramming on a site-plan 
overlay those fl ows entering the site and those 
leaving the site. These site-specifi c fl ows can be 
thought of as “site forces,” and they include so-
lar orientation, prevailing winds, pedestrian and/
or vehicular circulation, public transportation ac-
cess, utilities access, topography, stormwater 
fl ows, views, noise sources, neighborhood con-
nections, etc. (see Figures 5-28 and 5-30).

� Community and watershed living-system 
patterns

 A more holistic way of addressing context is to 
have a team member (e.g., systems ecologist, 
permaculturist, biologist, or other consultant) 
present to the team an assessment of site and 
neighborhood interrelationships, similar to what 
Pamela Mang describes in the “Design by Dis-
covery—A Story of How Design Emerged from 
Place” sidebar above in Stage A.1.

  By understating the patterns of living systems 
and how they worked in the past (see “Solving for 
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Pattern” in Chapter 3), we can look to create—
or rediscover—potentially healthier and mutually 
benefi cial future relationships between the site’s 
habitat and cultural aspects, building occupants, 
visiting users, the community, and the watershed. 
For example, we discovered on one project that 
some of the desert terrain areas of the Baja pen-
insula in California were four hundred years ago 
a scrub oak forest. By knowing what once was, 
we may be able to discover ways to recover and 
restore, to some degree, the prior condition.

� Functional program
 We often fi nd that the above site forces exercise 

and/or living systems pattern explorations—along 
with discoveries made during breakout group 
work sessions during the charrette (discussed 
below)—inform and generate adjustments to as-
pects of the project’s functional program. For in-
stance, similar occupancy schedules for several 
programmed spaces may suggest groupings of 
functions into adjacent or consolidated mechani-
cal zones to improve the effi ciency of both distri-
bution components and operations. As a result, 
a group exercise that focuses on any potential 
adjustments to the functional program can be 
extremely useful during the charrette. Also, the 
building program often remains somewhat nebu-
lous, even at this point, so this exercise can serve 
to help clarify the functional “unknowns” or to 
refi ne the entire program. We have even expe-
rienced a project where the primary objective on 
the fi rst day of a three-day charrette was to defi ne 
the functional program collectively; this benefi ted 
all project team members in terms of reaching a 
deeper understanding of the project’s purpose. 
Consequently, using a separate exercise to clar-
ify and defi ne more precisely the owner’s pro-
grammatic requirements in this workshop can be 
very effective, since team members need to have 

Figure 5-28 The project team for Penn State’s Shaver’s Creek Environ-
mental Center reached several conclusions during the site forces exercise, 
including:

• Existing native vegetation and intact tree canopy to the west and south 
should be preserved.

• View opportunities toward the lake to the west should be exploited.
• Exterior connections to the raptor amphitheater, meadow, and bat-

habitat area should be made.

Four different locations on the site were identifi ed as primary potential can-
didates for the new building, as indicated in the lower sketch with the letters 
A, B, C, and D. During this exercise, the team reached consensus that site 
C would be best, with the building located approximately in the square zone 
depicted. The building could then best support habitat and advantageously 
integrate with existing slopes. Images courtesy of John Boecker.
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a thorough understanding of program require-
ments.

� Breakout group working sessions
 Generally we fi nd it quite effective to follow the 

above discussions with breakout group design 
sessions. The focus of these breakout group 
working sessions may vary depending on a 
number of factors, such as the degree to which 
the project design has already been developed 
(which, optimally, would be minimal), the com-
plexity of the project, the project scope, site con-
straints, the number of workshop participants, 
the expertise represented by these participants, 
and so on. Accordingly, we have found two ba-
sic breakout group strategies to be effective, 
depending on the above factors. The fi rst ba-
sic strategy utilizes these breakout groups to 
explore everything as an integrated whole. The 
second basic strategy begins by organizing the 
breakout groups as focused sessions on each of 
the key subsystems before exploring all of them 
collectively as a whole. In short, we have found it 
important to remain fl exible in this regard and to 

discuss with the design team the approach most 
appropriate to the project’s parameters.

  The fi rst basic strategy often consists of two 
rounds of breakout group working sessions; the 
fi rst round asks each group to come up with a 
consolidated, overall design concept—a rough 
site plan and building idea—without trying to re-
solve individual program components or details. 
Armed with tracing paper, markers, colored pen-
cils, and the project’s Touchstones, Principles, 
and Performance Targets—now informed by the 
site forces exercise and the functional program 
review—each small group strives to discover a 
set of overall, cogent design concepts. Examples 
of issues to consider in this fi rst round include the 
following:

• Site connections to the neighborhood

• Contextual remedies

• Functional and program components (in large 
chunks, not at the scale of individual spaces)

• Strategies aimed at achieving sustainability 
targets and LEED pursuits

Figure 5-29 The style, format, and goals of breakout groups can vary widely, but each breakout group should have cross-disciplinary representation. 
Images courtesy of Marcus Sheffer (left) and Sandy Wiggins (right).
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• Parking, transportation, and service locations 
and solutions

• Image and character

 The outcome of this fi rst breakout group work 
session should be a single consolidated sketch 
from each small group for presentation to the 
large group. This site plan sketch should clearly 
depict the overarching design idea (or parti) and 
identify all key strategies, proposed site solu-
tions, and chunks of program elements.

  After representatives from each breakout 
group have presented the ideas that emerged 
from their working sessions, it is best to solicit 
from the large group their thoughts or refl ections. 
Once all work from the breakout groups has 
been presented, we like to engage what we refer 
to as the “green hat, red hat” exercise.* We ask 
the entire group, based on what they have seen, 

what concepts or ideas emerged that they abso-
lutely “want to keep” and these are recorded on 
a fl ip chart. Then, it is time to take off the “green 
hat” and put on the “red hat.” We ask what has 
emerged that the team absolutely wants to avoid, 
and these items are recorded as well. This identi-
fi es emerging priorities for future engagement in 
the discovery process.

  Next, we like to ask the team how the “want-
to-keep” concepts can best work together to 
create more whole solutions. The large group 
then evaluates how to reconcile any confl icts 
(by harmonizing, not compromising) and works 
to identify opportunities for integrating strate-
gies. The resulting ideas are recorded for future 
iteration and refi nement. Most often, this group 
discussion is followed by a second round of 
breakout group conceptual design sessions, 
time permitting, that takes into account the larg-
er group feedback to develop a second iteration 
of ideas.

*We owe thanks to Sandy Wiggins for giving us this metaphor as a name 
for this exercise.

Figure 5-30 After exploring the larger community context and site forces (as depicted in the sketch on the left), one group focused on massing, orienta-
tion, green space, vehicular access, and parking in order to produce the sketch on the right during the fi rst round of breakout work sessions for an urban 
project in Chapel Hill, North Carolina. Images courtesy of Marcus Sheffer.
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  Alternatively, the second basic strategy for 
breakout group work asks each group during 
the fi rst round to focus on exploring solutions 
for each one of the four key subsystems. Dur-
ing presentations to the large group, the team’s 
discussion centers around integrating these sub-
system solutions and strategies. One group, for 
example, could focus on energy-related issues, 

while another group focuses on water and site 
interactions, while yet another group focuses 
on building design and/or indoor environmental 
quality issues, and so on. This is particularly ap-
propriate for more complex projects. A second 
iteration of breakout group design sessions that 
focuses on conceptual design idea-generation 
can follow, as described above.

Figure 5-31 This sketch was produced by one of four 
breakout groups in the fi rst round of exploring possibilities 
for the addition of an educational facility to the Phipps 
Conservatory on an extremely complex and degraded site 
in Pittsburgh, Pennsylvania. They focused on:

• Maximizing reuse of an existing building (box at 
lower right) or, at least, keeping or salvaging its 
components

• Optimizing solar orientation on east-west axis
• Creating a restored landscape zone as a linear 

east-west connector along a major slope that cuts 
through the site

• Stepped green roofs that could integrate with 
slopes, landscaping, and constructed wetlands

• A central piazza linked with gardens to serve as an 
“outdoor room” and perhaps as a future conservatory. 

Image courtesy of Marcus Sheffer.

Figure 5-32 Two other breakout groups present their schemes for the Phipps Conservatory project to the larger, full team. Images courtesy of Marcus Sheffer.
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  The results from this charrette usually take the 
form of conceptual sketches, but these results 
can vary considerably depending on project 
complexities. We have seen such charrette re-
sults range from rough master plans or site plans 
with building-location options to rather devel-
oped building footprint and fl oor plan solutions 
with associated building sections.

4 Figure 5-34 Breakout groups encourage hands-on participation by 
all team members. The image on the right depicts many hands working to 
explore the linkages between a planned building rehabilitation project and 
its neighborhood on a degraded urban site in Syracuse, New York. Images 
courtesy of Tom Keiter (left) and Marcus Sheffer (right)

44 Figure 5-33 Four primary and distinct rainwater-collection zones 
were identifi ed during research and analysis conducted prior to Workshop 
No. 2 for the Phipps project. The water-focused breakout group produced 
the sketch (on the right) to explore living on no more water than the site’s 
annual rainfall by looking at storm and sanitary fl ows in ways that could 
accomplish the following integrative strategies: The 38 inches of annual 
rainfall likely exceeds demand, so this abundance of water could be 
combined with other systems to address habitat, storm water, watershed, 
cooling (energy), water quality, sewage conveyance, materials, and beauty 
by separating combined sewers, creating a constructed wetlands (the 
hatched box depicts the approximate size needed), designing restorative 
appropriate native habitat for cleaning water that fl ows downhill to an 
adjacent lake and to the Monongahela River, incorporating educational 
water features, and perhaps passing water through the ground for passive 
cooling—all with minimal pipes, no curbs, and no catch basins. Image 
courtesy of Marcus Sheffer.
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2 Figure 5-38 This sketch from a three-day charrette (attended 
by over eighty design team and community members) depicts 
a conceptual master plan that unifi es into a single scheme the 
design work from six different breakout groups exploring ideas 
for a centralized town services facility on a degraded site in 
Southampton, New York. Image courtesy of Sandy Wiggins.

4 Figure 5-35 The scheme produced for the Shaver’s 
Creek project at the conclusion of a one-day conceptual 
design charrette. Images courtesy of John Boecker.

Figure 5-36 A proposed concept resulting from the two-day Workshop 
No. 2 for Phipps Conservatory. Image courtesy of Marcus Sheffer.

Figure 5-37 Near the end of the Phipps two-day workshop, a new 
idea emerged for further exploration and testing in the next research and 
analysis stage. Image courtesy of Marcus Sheffer.
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� Confi rm alignment with Touchstones, Prin-
ciples, Metrics, Benchmarks, and Performance 
Targets

� The group evaluates the potential solutions and 
results developed during the workshop in terms 
of alignment with identifi ed Principles and Perfor-
mance Targets initially established at Workshop 
No. 1 and adjusts these if necessary.

� The group reviews the status of the project rela-
tive to the Benchmarks, Metrics, and goals of its 
green building assessment tool; for example, 
reevaluate strategies and proposed conceptual 
design solutions relative to the project’s LEED 
goals and the targeted credit requirements.

� At times, we have found that the conceptual design 
exercises during Workshop No. 2 result in discov-
eries or synergies that may bring back to the table 
a strategy rejected at the prior workshop—or one 
that was not considered previously. Such strate-
gies may have impacts on the achievement of 
Performance Targets. For example, LEED points 
that may have been previously assessed as ques-
tionable or unachievable may now be considered 
viable or, vice versa, obviated.

� Review integrative cost-bundling studies in 
progress

� Refi ne with team, as necessary.
� As discussed above, new discoveries of further in-

terrelationships and associated cost tradeoffs that 
may have occurred during the workshop will re-
quire adjustments to the line items, components, 
and/or bundles of any cost-bundling templates.

By now, you may have noticed a pattern emerging 
of continuous iteration, whether we are discussing 
design strategies, performance targets, cost analy-
sis, or next steps. This is intentional; there is a strong 
role for refl ection, iteration, rediscovery, or discover-
ing anew at each step throughout these early stages. 

(See Chapter 2, “The Learning Wheel.” ) As a result, 
many of the tasks indicated for each stage revisit 
the same task from the prior or earlier stages, so to 
avoid repetitive language, our descriptions of such 
tasks will start to become more and more brief. This 
may at times require you to go back and reference 
tasks from earlier stages. 

� Review and adjust the Process Road Map

� Refi ne with team, as necessary, and identify next 
steps.

� As discussed above, new discoveries of further 
interrelationships that may have been made dur-
ing the workshop will require adjustments in turn 
to be made to the components of the Integrative 
Process Road Map, including tasks, schedule 
changes, anticipated meetings, and so on.

� Provide time for refl ection and feedback from 
client and team members

This idea is discussed in Stage A.2.1, and it bears 
repeating: we want to ensure that all key decision 
makers are involved in the process of establish-
ing goals and project direction to avoid decisions 
reached at the workshop from backfi ring due to 
lack of critical support or buy-in. Again, this buy-in 
process can be as simple as pausing—for fi ve or 
ten minutes at a logical break point in conversa-
tion or at a major transition (or asking the owner’s 
team to caucus during lunch)—to ask everyone to 
refl ect on what they are experiencing and learning 
through this process.

� Commissioning: Review Owner’s Project Re-
quirements (OPR)

A presentation of the OPR document by the design 
team and/or owner to the entire team can help re-
inforce alignment around the project goals and set 
the stage for developing the Basis of Design (BOD) 
document in the next step of the Commissioning 
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process (see Stage A.5.2 below for a description of 

this BOD).

A.4.2  Principles and Measurement

� Document adjustments to Performance Targets 

to refl ect input from Workshop No. 2

The follow-up workshop report should refl ect updates 

to Performance Targets that may have resulted from 

any discoveries or explorations that occurred during 

Workshop No. 2, such as updating and annotating 

the LEED checklist.

� Commissioning: Adjust OPR to refl ect input 

from Workshop No. 2

The OPR may need to be updated by the project 

team to maintain consistency with the results of 

Workshop No. 2.

A.4.3  Cost Analysis

� Update any required integrated cost-bundling 

templates to refl ect input from Workshop No. 2

As discussed above under Stage A.4.1, new dis-

coveries of further interrelationships and associated 

cost trade-offs that may have occurred in Workshop 

No. 2 will require adjustments to the components of 

any cost-bundling templates.

A.4.4  Schedule and Next Steps

� Update Integrative Process Road Map to refl ect 
input from Workshop No. 2

Adjust and refi ne with team, as necessary, and clar-
ify next steps. This should include further input from 
any identifi ed team members and/or stakeholders 
who may not have been present at Workshop No. 
2. Again, the schedule of tasks, team conference 
calls, meetings, and analysis processes will almost 
always need to be altered to accommodate the in-
terim meeting dates, times, and deliverables that 
occur between major workshops and charrettes.

� Distribute Workshop No. 2 Report

As with all workshops, results should be document-
ed in a report that is provided to all team members. 
This report should contain the following for Work-
shop No. 2:
� Meeting agenda
� Lists of attendees
� Photos of activities
� Site forces exercise sketch
� Images of all conceptual sketches
� Meeting notes recording additional fi ndings, re-

sults, refl ections, “what to keep,” etc.
� Touchstones, Principles, Metrics, Benchmarks, 

Performance Targets—including updated LEED 
checklist, if applicable

� Updated integrative cost-bundling template
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Stage A.5
Research and Analysis: Testing Conceptual Design Ideas

A.5.1 Research and Analysis Activities: Explorations within individual disciplines and smaller related 
groups

� Test Conceptual Design schemes from Workshop No. 2 within the realities of the program and guiding 
principles relative to the four key subsystems:

� Habitat
� Water
� Energy
� Materials

� Coalesce fi ndings and bring analysis to a reasonable conclusion before beginning the Schematic Design 
phase

A.5.2 Principles and Measurement

� Confi rm and solidify Metrics, Benchmarks, and Performance Targets
� Commissioning: Develop Basis of Design (BOD)

A.5.3 Cost Analysis

� Put a price tag on every strategy and subsystem, then aggregate them into integrated cost bundles

A.5.4 Schedule and Next Steps

� Update Integrative Process Road Map in preparation for Workshop No. 3
� Prepare Agenda for Workshop No. 3

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVO

pancy,Part C – Occup
and Operations, 

eedbackPerformance Fe

Figure 5-39 Integrative Pro-
cess Stage A.5, Research and 
Analysis: “Testing Conceptual 
Design Ideas.” Image courtesy of 
7group and Bill Reed; graphics by 
Corey Johnston.
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� Process Road Map spreadsheet of schedule and 

tasks

� Next steps

(Sample Design Charrette reports can be download-

ed as pdf fi les from the Resources tab on 7group’s 

website at www.sevengroup.com.)
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Stage A.5

Research and Analysis: Testing Conceptual 
Design Ideas

This is a critical point in the process. This stage is the 
bridge between discovery and schematic design. We 
need to be reasonably sure that we have addressed 
the essential form-giving issues of the key subsystems 
before giving form to the building. These should be 
analyzed to a level to which we can confi dently commit 
so that they can be coalesced into a limited number of 
schematic design schemes.

A.5.1  Research and Analysis Activities: Explorations 
within individual disciplines and smaller related groups

� Test Conceptual Design schemes from Work-
shop No. 2 within the realities of the program 
and guiding principles relative to the four key 
subsystems

Engage more detailed analysis of the four key sub-
systems to test the feasibility of the ideas and Con-
ceptual Design schemes generated at Workshop No. 
2 in terms of meeting programmatic requirements, 
budget, Principles, and Performance Targets. This 
work generally proceeds within each discipline and 
includes small cross-disciplinary group sessions and 
interim meetings with team members designing re-
lated systems. These sessions are informed by using 
various tools for such analysis. The array of analysis, 
tools and potential subjects is legion, and describing 
all of them is beyond the scope of this book. Instead, 
examples of the types of analysis and tools for each 
subsystem that can be used to help understand the 
interrelationships between systems are provided in 
the outline below. Our attempt here is to demonstrate 
through these examples the level of effort and depth 
needed at this stage in the integrative process:

� Habitat (biotic systems other than human)

• Look for opportunities to cascade water uses 
to support living systems. In other words, look 

for multiple ways to use a unit of water to sup-
port life before it leaves the site, through some 
of the following or other methods:
• Irrigation
• Habitat for constructed wetlands
• Vegetated roof(s)
• Groundwater recharge
• On-site pond to serve as a rainwater harvest-

ing cistern
• Rain gardens and bioswales to both treat 

and infi ltrate stormwater

• Investigate planting materials appropriate to 
the microclimates that may result from the de-
sign of the building itself.

• Look at opportunities for restoring plant habi-
tat in conjunction with integrating stormwater 
management opportunities.
• Example: Reduce turf grass to reduce storm-

water runoff and stormwater conveyance in-
frastructure.

• Example: As you may recall from the Willow 
School discussion in Chapters 3 and 4, this 
project looked at the characteristics of the 
soil and plant and animal life that had exist-
ed on the site before poor farming practices 
had depleted the soil; it then restored native 
species along with deer fencing to allow the 
plants to become established, which in turn 
recharged groundwater by allowing minimal 
water to leave the site.

• Tools (examples)
 In late October 2004, Gerould (Gerry) Wilhelm 

came from Chicago to visit the properties 
where two of us live in Pennsylvania for the 
purpose of helping us understand how best to 
engage in site restoration. Over the course of 
about four hours, he was able to use his train-
ing as a botanist to inventory the plant species 
present on one of these properties in order to 
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Coeffi cients of Conservatism and Floristic Quality Assessment*
Excerpted from source at www.fhsu.edu/biology/ranpers/ert/fqa_cc.htm

Floristic Quality Assessment
Floristic quality assessment is a standardized tool 
for natural area assessment developed by Floyd 
Swink and Gerould Wilhelm (1994). The method 
replaces very subjective measures of quality, such 
as “high” or “low,” with a still somewhat subjective, 
but more dispassionate and quantitative index. This 
“Floristic Quality Index” allows comparison of the fl o-
ristic quality among many sites and tracking chang-
es at the same site over time. The method assigns 
a Coeffi cient of Conservatism to each native plant 
species based on that species tolerance for dis-
turbance and fi delity to a particular pre-[European] 
settlement plant community type. The aggregate 
conservatism of all the plants inhabiting a site deter-
mine its fl oristic quality. Refer to Swink and Wilhelm 
(1994) for a thorough discussion of the methodology 
used to calculate a Floristic Quality Index.

Coeffi cient of Conservatism, C Value
The concept of species conservatism is the founda-
tion of fl oristic quality assessment. Each native spe-
cies is assigned a coeffi cient of conservatism (C) fol-
lowing the methods described by Swink and Wilhelm 
(1994) and Wilhelm and Masters (1995). Coeffi cients 
of conservatism range from 0 to 10 and represent 
an estimated probability that a plant is likely to occur 
in a landscape relatively unaltered from what is be-
lieved to be a pre-settlement condition. For example, 
a C of 0, is given to plants such as Acer negundo, 

box elder, that have demonstrated little fi delity to 
any remnant natural community, i.e. may be found 
almost anywhere. Similarly, a C of 10 is applied to 
plants like Potentilla fructicosa (shrubby cinquefoil) 
that are almost always restricted to a pre-settlement 
remnant near Chicago, i.e., a high-quality natural 
area. Introduced plants were not part of the pre-
settlement fl ora, so no C value is applied to these.

While C values are assigned based on collective 
extensive experience with the fl ora throughout an 
area the assignments are still somewhat subjec-
tive. The conceptual difference between a value of 
0 and a value of 1, or between 9 and 10, is slight, 
while the difference between a value of 0 and a 
value of 3 is more distinct. Concerns over any 
particular C value are usually compensated within 
the fl oristic quality assessment method since it re-
quires the average C value of all the individual spe-
cies that occur at a site.

*References
Swink, F., and G. Wilhelm. 1994. Plants of the Chicago Region, 4th 
ed. Indianapolis, Ind.: Indiana Academy of Science.

Wilhelm, G. S., and L. A. Masters. 1995. Floristic Quality 
Assessment in the Chicago Region and Application Computer 
Programs. Lisle, Ill.: Morton Arboretum.

Herman, K. D., L. A. Masters, M. R. Penskar, A. A. Reznicek, G. S. 
Wilhelm, and W. W. Brodowicz. 1996. Floristic Quality Assessment 
with Wetland Categories and Computer Application Programs 
for the State of Michigan. Lansing, MI.: Michigan Department of 
Natural Resources, Wildlife Division, Natural Heritage Program.
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discover historical patterns and assess levels 
of biodiversity that might inform restoration ef-
forts. He did this by using the Floristic Qual-
ity Assessment (see sidebar) method that he 
began developing in the 1970s. By examining 
approximately eight acres (half of which was 
woodland), he created an inventory of the ex-
tant plant species for the purpose of determin-
ing a mean C value for the thirty-acre property 
as a whole. Then, C values were assigned to 
each plant species on a scale of one to ten as 
follows, based on the following criteria:
 C value of 0: less than 5 percent confi dence 

that the plant came from a native remnant
 C value of 5: 95 percent confi dence that the 

plant came from a remnant but does not at-
test to the quality of the remnant

 C value of 10: 95 percent confi dence that the 
plant came from a high quality remnant

 From his inventory exercise, Jerry was able to 
tell us virtually everything that had happened to 
that property over the past three hundred years 
on a square meter basis. He also reported the 
following:

 . . . you will note that the C value of your prop-
erty as a whole is 3.8—even competent de 
novo restoration efforts do not yield C values 
much higher than 3.5 at any price, and [they] 
usually achieve much lower quality systems; 
further, woodland restorations from scratch 
are virtually impossible. The integrity of your 
property, therefore, is essentially irreplace-
able and priceless. . . . Consider the potential 
your site contains when a nonlocal botanist 
can record 85 native species during the dor-
mant season! I know that there is much to do 
here and that some of it seems perhaps dis-
couraging. Do not let your heart be troubled, 
however, you are the custodian of a great lit-
tle remnant of what once was Pennsylvania.

 Such information provides invaluable insights 
into any given site and can thereby help guide 
design decisions, as can be seen in the example 
below about a site in Princeton, New Jersey (see 
Figure 5-40). In the case above, the information 
Jerry provided also created for us a stronger 
sense of responsibility for the health of the land; 

Figure 5-40 Indices such as 
coeffi cients of conservatism (C 
values) can be used to evaluate 
and track over time the health 
of a place, based on a qualita-
tive inventory and assessment 
of all plant species inhabiting a 
site. Image courtesy of Gerould 
Wilhelm.
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discovering that we were “the custodian of a 
great little remnant of what once was Pennsylva-
nia” on property that “is essentially irreplaceable 
and priceless” gave us a whole new love for and 
connection to the place; as a result, our efforts 
became driven by a much deeper relationship 
with the land and concern for its health.

• Floristic Quality Assessment (see sidebar): 
This tool, as described above, can provide 
valuable initial site assessments, but also can 
be used to track changes on the same site 
over time to garner periodic feedback. The ear-
lier in the process this kind of assessment can 
be engaged, the greater the chance that it can 
inform design decisions.

• Observation of living systems: This is about 
looking at the patterns and relationships be-
tween the aspects of life in any given place. 
These patterns can be seen through historical 
accounts and analysis of scientifi c data along 
with the knowledge necessary to support and 
confi rm pattern understanding—data, or facts 
alone, do not reveal patterns.

• Inventories: Through a consolidated inventory 
of soil, plant species, animal habitat, microcli-
mates, and evolutionary interaction of people 
in the project’s place over time, we can learn 
the patterns of how life has evolved there, 
along with when and how it has devolved. This 
can help us discover the means by which we 
can contribute to the health of the place.

• The following represents a menu of poten-
tial systems consultants who can provide the 
tools, assessments, and inventories that may 
be needed, depending on project specifi cs:
• Restoration scientists
• Fluvial morphologists (river and stream ex-

pertise)
• Geomorphologists (large scale geography)
• Soil and geotechnical consultants

• Wetlands specialists
• Water quality analysts
• Permaculturalists
• Systems permaculturalists (large scale eco-

logical systems)
• Habitat biologists (animal and plant)
• Hydrologists (surface and groundwater)
• Social anthropologists
• Archeologists
• Historians

 For many sites, it is important to conduct an ecolog-
ical site assessment to determine and better under-
stand the land and its inhabitants. On a project for 
the Lewis School near Princeton, we were working 
with an owner who was exploring the construction 
of a new school facility on property that was a com-
bination of fi eld and woodland. Site assessments 
were conducted by the landscape architects and a 
consulting botanist. The botanist used a Plant Stew-
ardship Index tool (available through Bowman’s Hill 
Wildfl ower Preserve), which is based on the same 
C-value (Coeffi cient of Conservatism) method de-
scribed above. The results are presented in Figure 
5-40. Partial results of the analyses conducted by 
the landscape architect are presented in Figures 
5-41 through 5-44. To the untrained eye, the site 
appears to be a bucolic rural scene of farm fi elds 
interspersed with woodlands, areas that one might 
tend to avoid disturbing. Closer inspection via the 
ecological site assessment revealed that the site 
suffered from severe and chronic loss of water and 
soil, hence intense loss of biodiversity. Nonnative 
species dominated the fi elds, a signifi cant amount 
of soil loss was occurring even in vegetated areas, 
much of the woodlands were overgrown with inva-
sive species, and most rainwater was lost as runoff 
that contained high levels of nitrogen concentra-
tions. With this knowledge in hand, the project team 
was better able to understand the place and move 
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forward toward developing solutions that could 

mutually benefi t all the inhabitants of the land.
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� Habitat (human)

• Since human habitat issues include those that 
impact health, safety, performance, and qual-
ity of life, examples of issues to be tested and 
examined in more detail include: indoor air 
quality, ventilation, thermal comfort, lighting, 
acoustics, odor, vistas and views, etc.

• Investigate daylighting strategies (see discus-
sion under “Tools” below).

• Begin to discuss and consider the use of 
adaptive thermal comfort strategies to provide 
greater comfort while decreasing energy use 
(see “Adaptive Thermal Comfort” sidebar in 
Stage A.3.1).

• Identify benefi cial interrelationships between 
the project and the community; for example, 
transforming infrastructure disruptions into 
other restorative community activities under-
way can help the project become a catalyst to 
reinforce objectives (e.g., the Brattleboro Co-
op example discussed in Chapter 4).

• Identify potential source control issues associ-
ated with toxicants in materials over their entire 
life cycle.

 The practice of evaluating toxicants in materials 
and buildings deserves some elaboration, par-
ticularly with regard to the interrelationships be-
tween materials and other subsystems. Our typi-
cal process for thinking about green materials is 
to look for their negative attributes, such as toxi-
cants, and attempt to fi nd alternatives that do not 
have those attributes. This can be a good place 
to start. For example, we know we can positively 
affect human health by using materials that do 
not emit volatile organic compounds (VOCs) in-
side the building. But what about the off-gassing 
or emissions that occur outside the building, or 
during a given material’s manufacturing process, 
or from its disposal?

Figure 5-45 Good daylighting design 
begins with simple massing sketches 
and aperture studies. For example, 
these drawings from the Whole Building 
Design Guide show various building 
confi gurations, potential sections, and 
details regarding roof monitors and 
light shelves. Image courtesy of Whole 
Building Design Guide; © 2006 National 
Institute of Building Sciences.
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The Water Balance
By Michael Ogden, PE

The water balance—an accounting of sources and 
uses of water—is an essential tool in developing a 
sustainable project. The basic idea behind the wa-
ter balance is intuitively easy to understand; stated 
in its simplest form, it is merely a question of how 
much water goes into a building, and how it is used. 
Typically, design professionals do not spend a lot of 
time thinking about the consequences their designs 
have on water use. Architects are trained to locate 
various water-consuming appliances within a build-
ing and then leave it to the engineers to design both 
the system that supplies the water and a wastewater 
collection system to remove wastewater. In this sim-
plistic view, the design (or development) process 
should consist of nothing more complicated than 
two pipes: one for clean water and one for dirty wa-
ter. The landscape architect may slightly complicate 
the process.

Global warming, the price of oil, droughts, and water 
pollution have combined to encourage design pro-
fessionals to take another, more holistic view of the 
water balance, and ask questions related to the con-
sequences of our designs, whether they be single 
family dwellings or new cities. It has become clear 
to many design professionals that a new building 
or development can have major impacts on water 
supply, so that questions about the sources of water 
must be answered fi rst. Typically, until recently, only 
western states demanded an assured supply prior 
to issuance of building permits. But when we read 
that the Georgia legislature has considered mov-
ing the state line a mile north to gain access to the 
Tennessee River (and this is a state that normally 
receives 52 inches of rainwater/year), it is evident 

that the planning and design process needs to look 
beyond the expectation that the water will always be 
there.

Water has been priced as if it is free; only the 
costs of pumping, fi ltering, disinfecting, and the 
amortization of capital equipment and labor are 
part of the water bill. Rivers and streams are used 
as conveyances for our “used” water and deci-
sion makers hope that the downstream users do 
not object too much. As a consequence, water in 
most communities is relatively inexpensive, and 
not much thought is given to the availability of 
supply or the consequences of its use. As a more 
sophisticated approach, the water balance begins 
to recognize the essential value of water: in the 
western United States, there is no development 
without water. An argument can be made that in 
the future, periods of extended drought will make 
this a similar consideration in the eastern United 
States as well.

Recognition of the reality of a dwindling water sup-
ply requires more sophisticated tools and methods 
to deal with ensuring reasonable supplies. The most 
important change that must occur is in the master 
planning process itself. The planner, architect, civil 
engineer, landscape architect, HVAC engineer, elec-
trical engineer, and owner/developer all must par-
ticipate in a charrette process that clearly acknowl-
edges the role of water in the development process. 
The water balance is the potential tool capable of 
dealing with a limited resource whose availability 
may be highly variable, subject to unpredictable fu-
ture conditions. Once it is acknowledged that water 

(continued)
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is essential to the development process, it becomes 
logical to incorporate design solutions that minimize 
consumptive uses of water, reduce water diversions, 
save energy, reduce downstream impacts of storm 
water and wastewater, reduce groundwater deple-
tion, and improve potable water supplies and water 
security.

The following list represents those elements in a 
water balance that constitute sources and supplies 
of water and the associated informational require-
ments.

� Sources. Not much will happen without a water 
supply. These need to be identifi ed immediately 
in any design process.
1. Municipal or water district supply. (This gener-

ally relies on a water catchment basin, e.g., 
New York, Los Angeles, which in turn depends 
on rainfall.)

2. Rainfall on the building or property. (Western 
water law complicates the harvest rules.)

3. Groundwater fl ows. Velocity, direction, quan-
tity, and quality are factors.

4. Reclaimed water. Wastewater can be treated 
to a level suitable for reuse as irrigation water 
or as a supply for toilets and urinals.

5. Sea water. Desalinization plants provide an 
option for coastal regions, but are energy in-
tensive.

� Uses. Each type of building will have a different 
water demand. Understanding the building type 
and its water use is the essential fi rst step. For 
example, offi ces use about 8–13 gallons per per-
son per day, while residences may use 45–150 
gallons per person per day. Big homes use more 
water than small homes; large residential lots use 

more water than small lots. Apartment dwellers 
use less water than suburbanites. Uses in build-
ings and large scale developments will include 
some or all of the following:

1. Washing: showers, baths, laundry
2. Culinary and drinking
3. Flushing of toilets and urinals
4. Cooling (chillers) and heating (steam heat, 

saunas)
5. Irrigation
6. Swimming pools, spas, architectural uses
7. Industrial and/or food processing water

Water demand will change seasonally and daily; 
building occupancy, landscape demand, and cool-
ing requirements will affect use on a daily basis as 
well as seasonally (e.g., ski resort in Aspen, spa in 
Arizona).

The type of landscape will greatly dictate water us-
age. Lawns are probably the most water intensive 
feature in the landscape. Native landscaping, or 
landscapes designed for local climate conditions, 
are usually the most frugal.

The following list is typical of the kind of informa-
tion that is essential for developing the water 
balance. One or all of these types of buildings or 
structures may be included in the project. All need 
to be listed.

1. Number of residences with average population 
and roof area, type of building (single family, 
condo, apartment, etc.) and number of 
bedrooms.

2. Total area of offi ce buildings and area of roof. 
Include number of parking spaces and surface 
area.
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3. Total area of retail buildings plus roof area. Also 
include number of parking spaces and surface 
area.

4. Restaurants, cafeterias, coffee shops, and so 
forth. List total seating and number of meals per 
day.

5. Hotels and resorts. List number of rooms, class 
(budget, four star, etc.), restaurants, bar, spa, 
roof area, parking, and maximum seasonal 
occupancy rates.

6. List other building types such as warehouses, 
laboratories, industrial, or food processing 
facilities. Indicate roof and parking areas.

7. Landscaped area, ideally by type (percentage of 
high, medium, and low water use). (If not known, 
make some assumptions appropriate to the site 
and climate.)

8. Total paved area; topography, existing 
vegetation, and surfaces.

Once the sources and uses are identifi ed—build-
ing types, landscapes, etc.—it is possible to ad-
dress some design goals that will affect the water 
balance:

� Precision. How important is the daily or monthly 
demand? An offi ce will have a different daily 
demand than a home. Is a monthly estimate 
adequate? What about rainfall? Generating dai-
ly rainfall amounts using the National Oceanic 
and Atmospheric Administration (NOAA) his-
torical data will generate precipitation numbers 
that can be used to develop an estimate for 
the potential harvesting of rainwater, determine 
run-off, and defi ne on-site storage require-
ments. Using statistical forecasting techniques 

and the latest climate change predictions, 
long-range water balance calculations can be 
developed.

� Integrated “green design.” Green design prin-
ciples include reuse of reclaimed water and/or 
harvest of rainwater for irrigation, toilet supply, 
and cooling; storm water can be viewed as a ma-
jor asset or a major problem. The potable sup-
ply, rainfall, and reclaimed water can be utilized 
as both heat sources and heat sinks. Working 
with the HVAC engineers, designers can make 
projects more energy effi cient by using the heat 
capacity of water.

� Project phasing. Each phase of development can 
be modeled to determine the water balance as 
the project grows.

� Flexibility. The water balance is easily and quickly 
edited to refl ect changes in vision or scope.

Once all of the relevant information has been ac-
cumulated, the model can be assembled in such 
a way that it will produce information from incep-
tion of the project to twenty or more years in the 
future. The schematic diagram in Figure 5-46 
shows the annual demand resulting from calcula-
tions for a typical offi ce building in Albuquerque, 
New Mexico, based on an annual rainfall of 8.8 
inches.

This model represents a very simple water balance, 
but it is illustrative of the possible outcome, which 
will vary from year to year. Complexity multiplies as 
various building types are added. Regional water 
balances require sophisticated computer systems, 
but for most developments and small communities, 
the water balance can be completed on a desktop 
personal computer.

(continued)
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  Another tendency is to focus less on materials 
and more on impacts associated with a build-
ing’s energy use, since the total ratio of energy 
used over a building’s life is so much greater 
than the energy used to make the materials for 
the building. But focusing on energy tells us only 
one—albeit important—part of a larger story. For 
example, many of the toxic releases that remain 

in our world, sometimes over indeterminate time 
frames, come from the extraction, production, 
use, and disposal of our materials.

  The point here is that when we look only at the 
energy impacts of materials as they relate to a 
specifi c building and only relative to that building’s 
life, materials seem not to matter too much, since 
the overall impacts of operating that building as 

Figure 5-46 Water inputs and outputs 
that demonstrate how water can be used 
in multiple and cascading relationships 
should be diagrammed for every project 
so that the team can understand and help 
participate in exploring design improve-
ments that support these opportunities. 
This schematic water balance diagram 
was prepared for a mixed-use develop-
ment of approximately 150 homes, in the 
arid west. It illustrates the quantity of fl ow 
through a development incorporating 
residential dwellings, a school, civic and 
commercial buildings, and landscape. 
Captured rainwater and treated effl uent 
meet the landscape water demand. This 
reduces the potable water required for 
the development by 6.14 acre-feet per 
year (AFY), or by approximately 2 million 
gallons, (6.14 x 43,560 cubic feet x 
7.48 gallons/cubic foot). The diagram 
also shows that no captured rainwater or 
recycled effl uent is being used for fl ush-
ing urinals and water closets in the com-
mercial and civic buildings. However, 
the commercial and civic buildings are 
dual-plumbed to make this possible in 
the future. 15.8 acre-feet per year (5.15 
million gallons) is returned to the aquifer 
through a “land application system.” 
This offsets the long-term demand on 
the aquifer, creating a more sustainable 
water profi le for the development. Image  
© 2008 Natural Systems International.
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an ongoing polluter over its life span (emissions 
associated with energy consumption and trans-
portation, for example) seem to dwarf the impacts 
associated with the energy used to produce and 
use its materials. But when viewed more holisti-
cally, materials can have signifi cant ongoing im-
pacts on human health, other biotic habitat, and 
water quality through the toxic releases (and emis-
sions) that may occur during their full life cycle, 
from extraction to disposal. These toxic emissions 
can happen both internally (affecting building oc-
cupants) and externally (affecting the larger com-
munity and ecological system).

  LCA tools can be used to measure and as-
sess these toxicant impacts over the entire life 
of a material. It should be noted that many of 
these impacts remain very diffi cult to measure, in 
particular, land use impacts and certain human 
health impacts; these need to be dealt with more 
specifi cally and separately from LCA, and they 
often require a more subjective approach to as-
sessing impacts and value. In any case, though, 
it can be quite informative to consider the fl ow 
of a material over its entire life when assessing 
its impacts due to toxicants, beginning with the 
extraction of its raw materials components to its 
fi nal disposal—the entire cycle, coming from na-
ture and returning to it. We can break down this 
fl ow into stages; they often are delineated in the 
following way:

• Cradle to gate: includes material extraction to 
manufacturing

• Construction: what happens on the job site

• Use: the maintenance and replacement of a 
material

• End of life: the impact of land fi lling or recy-
cling

 Each of these stages includes both extractions 
from the environment and fl ows into the environ-
ment, most of which are measurable. LCA tools 

can be used to quantify these fl ows as they relate 
to a given material’s toxicant impacts. Design 
decisions about materials options, then, can be 
informed by a more holistic approach that con-
siders and compares larger impacts over longer 
time frames (more on LCA later).

• Tools (examples)
 Investigate daylighting strategies: The use of 

naturally lighted spaces is a particularly valu-
able strategy not only for achieving energy 
savings (and for earning LEED points across 
more than one credit) but daylighting also can 
contribute to occupant wellbeing and pro-
ductivity when used carefully. Consequently, 
teams are encouraged to improve their abil-
ity to apply daylighting strategies in their early 
thinking about building design solutions. Phys-
ical models are an accurate way to evaluate 
the effects of daylighting as well, and they can 
be a cost-effective method of analysis. How-
ever, software programs are increasingly used 
to simulate and analyze daylighting effects. 
These simulation tools will be examined in de-
tail in Stage B.2.1.

  The LEED program currently allows verifi ca-
tion of daylighting performance with a simpli-
fi ed calculation method, referred to as the 
glazing factor. This calculation takes into ac-
count window area, room fl oor area, window 
geometry, window height, and the visible light 
transmittance (or Tvis) of glazing. However, 
as an approximation, the calculation excludes 
factors such as orientation, room cavity ratios, 
visible access to the sky dome, latitude des-
ignation, and interior room refl ectance. This 
limited methodology only really assesses, a bit 
crudely, the quantity of daylight. Good daylight-
ing, though, requires addressing both its quan-
tity and quality. It is possible to earn the LEED 
credit for daylighting, using the simplifi ed glaz-
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ing factor calculation, by designing spaces with 
very poor daylighting. Good daylighting design 
is not simply installing windows in a space. 
Good daylighting design is integrated into the 
essential fabric of the building’s design—it is in 
the design’s DNA. To be most effective, day-
lighting cannot be an afterthought related to the 

building’s design, it must be one of the primary 
design drivers from the beginning.

  Unlike artifi cial lighting, sunlight is highly 
variable and diffi cult to control. For most com-
mercial spaces, the best daylighting designs 
bring in visible light while excluding its direct 
beams from entering the space, as these can 

2 Figure 5-48 Sample 
e-mail correspondence 
summarizing initial para-
metric energy modeling 
results and HVAC system 
sizing impacts, including 
potential fi rst-cost reduc-
tions. Image courtesy of 
Marcus Sheffer.
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Figure 5-50 This sample summary of energy modeling runs shows the cumulative effect that various combinations of individual 
EEMs have on energy savings. The EEM Combo 2 modeling run includes a different HVAC system (in this case, ground-source heat 
pumps) applied to EEM Combo 1 so that the effect of the HVAC system can be isolated and compared under similar load conditions. 
Image courtesy of Sheila Sagerer.
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Figure 5-51 EPA Target Finder reports can be used as a reality check on the energy modeling results by comparing data from actual building energy 
consumption for similar building types to the team’s modeling results. Image courtesy of Sheila Sagerer.
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Energy Modeling Requirements

By Marc Rosenbaum, Energysmiths, Meriden, New Hampshire
Edited by Marcus Sheffer

Energy modeling is a critical item for two reasons—
one is to guide good choices in envelope and 
systems during design phases, and the other is be-
cause it is required by LEED in most instances and 
by some jurisdictions.

Inputs
The owner and the architect need to understand 
completely the inputs as well as the outputs.

The report needs a comprehensible listing of all the 
inputs:

� envelope data (U-value and thermal mass in-
puts);

� areas of fl oor, wall, roof, and glazing, etc., by 
zone and orientation;

� U-value, Tvis, and SHGC for glazing;
� internal gains such as people and equipment;
� lighting loads and schedules;
� weather data such as Insolation (the measure 

of solar radiation energy received on a given 
surface area), Heating Degree Days, Cooling De-
gree Days, Wind Rose charts;

� seasonal design temperatures
� indoor conditions—occupied and unoccupied 

temperature set points;
� utility rates
� ventilation quantities and schedules;
� ventilation equipment recovery effi ciency;
� infi ltration assumptions;
� distribution equipment types and effi ciencies, 

including fans and pumps; economizer settings, 
etc.

� HVAC equipment type, effi ciencies, and details 
regarding settings.

The owner and design team should review the in-
puts before modeling is begun so that they can sign 
off on them. Advanced mechanical systems may not 
be easy to model in some software; use appropriate 
software, and make clear your assumptions if you 
are tweaking the software beyond its normal appli-
cation.

Outputs
Outputs (or modeling results) should include the 
following:

� monthly and annual energy consumption for the 
following end uses:

� space heating
� space cooling
� fans and pumps
� domestic hot water (DHW)
� interior lighting
� exterior lighting
� equipment, including plug loads
� other ancillary or miscellaneous loads (such as 

for elevators)
� heating and cooling loads by building assembly 

type—how much is due to walls, roofs, windows, 
infi ltration, ventilation air, lighting, people, etc. 
This guides us to look for the areas where we can 
make the biggest savings. We need this informa-
tion for the baseline building (e.g., one that just 
meets ASHRAE 90.1,or code, or whatever is the 
base) and for the proposed building.

(continued)
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cause glare and unwanted solar heat gains. 
Bilateral daylighting—bringing daylight into a 
space from more than one direction, optimally 
from the north and south—typically provides 
the highest quality daylighting conditions. Our 
visual acuity is a complex combination of light 
quality and quantity. When daylighting provides 
very high levels of light quality, the quantity of 
light (measured in foot-candles) can often be 
reduced.

  Many architects understand daylighting de-
sign; but for the majority, we have found that it 
can be helpful to remind them of what charac-
terizes good daylighting design. Initial design 
considerations—such as orientation, building 
massing, interior space confi guration, and light 
refl ectance values, window sizing and place-
ment, shading, and so on—should be discussed 

and evaluated during conceptual design. Con-
sequently, we have found it extremely helpful 
to convene at this point an interim meeting that 
focuses on daylighting with the project architect 
and other team members to review some de-
sign tips, so that daylighting is not something 
applied to the design after the fact. (A document 
outlining daylighting design tips can be down-
loaded as a pdf fi le from the Resources tab on 
7group’s website at www.sevengroup.com.)

• Daylighting simulation tools: Several daylight-
ing software-analysis programs that can help 
teams develop high quality daylighting are 
listed in Stage B.2.1.

• ATHENA® Impact Estimator for Buildings: This 
LCA tool can be used to assess toxicant im-
pacts and is described in the “LCA Tools and 

Process

Once the inputs are agreed upon, run the base 
building model. Then, review the outputs to see how 
they compare with experience and data from actual 
buildings of similar occupancy (such as energy use 
data in Target Finder). We want to convince our-
selves fi rst that the model of the building is realistic, 
and then we want to be able to design parametric 
runs to look at variations.

Parametrics
Run the proposed building and examine areas that 
need more study. Vary inputs and review the results. 
Commonly modeled variations include envelope 
and glazing upgrades, equipment types and ef-

fi ciencies, lighting levels and controls, and daylight-
ing strategies.

Report
It is critical that this material be presented in a form 
that the design team and the owner can under-
stand. This should include a narrative that can be 
understood by the project team that includes all the 
information listed above. Include the building area 
totals as a check on the area takeoffs used for the 
model. Produce a spreadsheet, or whatever works 
best, to show the energy consumption compari-
sons and EEM-related cost impacts in a way that is 
understandable. This should include breakdowns 
of the total energy use and cost by energy end 
uses as described above.
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Environmental Benefi ts” section at the begin-
ning of Chapter 6.

� Water
 The primary activity at this stage is conducting 

water balancing analysis. Water balancing con-
sists of understanding all water input to the site 
and building and all water output from the building 
and site. The fundamental goal is to live within the 
site’s annual rainfall budget by keeping, treating, 
recharging, and maintaining all water fl ow from the 
building and site on the site. Additionally, as much 
water as possible should be cascaded and used 
to benefi t all technical and living systems multiple 
times. As Gerry Wilhelm tells us, an adage to re-
member here is “let rain stay where it falls.”

• Tools (example)
 Analysis depends on the scope of the hydro-

logical cycle under consideration at this stage: 
for example, using rainwater harvesting cis-
terns versus using the cascading benefi ts of 
the natural hydrological cycle, that is, using 
treated wastewater from constructed wetlands 
to irrigate vegetation and to recharge ground-
water, which uses the ground for water stor-
age. Spreadsheets can be developed for this 
type of analysis (see Figure 5-47). Water bal-
ance diagrams also can be used to investigate 
and visually portray systems explorations (see 
Figure 5-46).

� Energy
 The analysis at this stage is highly dependent on 

the level of conceptual design reached at Work-
shop No. 2, but the following assumes that a 
general building footprint and confi guration has 
been initially established for a fi rst round of con-
ceptual testing; if not, the following level of analy-
sis likely will need to be deferred to Stage B.2.

• Based on the initial research into building ener-
gy distribution and loads, performance goals, 

parameters, targets, early building massing 
models, and the potential strategies discussed 
in the workshops, more specifi c modeling runs 
can be undertaken to evaluate the effective-
ness of individual strategies and combinations 
of strategies.

• The fi rst step is to determine an appropriate 
baseline for comparison. The purpose of en-
ergy modeling during design is to enable the 
design team to make relative comparisons, not 
absolute predictions. Relative comparisons 
can be accurate without being absolutely cor-
rect in terms of actual quantities of usage. With 
so many variables, it is virtually impossible to 
accurately predict the future and match actual 
energy usage during occupancy. As long as 
the modeling results are within reason, the per-
centage differential between options (relative 
comparisons) should be enough to drive deci-
sions at this stage. Entering modeling results 
into the Environmental Protection Agency’s 
(EPA’s) Target Finder (www.energystar.gov/
index.cfm?c=new_bldg_design.bus_target_
fi nder) can help teams determine if the model 
is yielding reasonable results. In addition to 
the benchmarking capabilities discussed in 
Stage A.1.1, Target Finder also allows users to 
compare their modeled energy consumption 
(Design Energy) to the target by entering an 
estimate from their modeling results into the 
tool. Target Finder will display the correspond-
ing EPA Target Rating or Energy Reduction 
Target—the percentage of energy consump-
tion reduction relative to a similar benchmark 
building. (See discussion of Target Finder in 
the “Energy” section of Stage A.1.1.)

• Produce conceptual parametric modeling runs 
of design options and individual energy-effi -
ciency measures (EEMs) to inform schematic 
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design options (e.g., different thermal enve-
lope parameters, reduction in lighting power 
density, daylighting, and other load reduction 
strategies, etc.). Specifi c EEMs to be evalu-
ated can vary considerably, depending on the 
type of project.

• At this point, modeling should focus almost 
entirely on load-reduction strategies before an-
alyzing different mechanical systems options; 
in other words, the adage here should be Re-
duce, Reduce, Reduce the building’s energy 
demand, instead of searching for simply more 
effi cient mechanical equipment.

• Parametric modeling begins by analyzing in-
dividual strategies in isolation. This fi rst pass 
should be used to assist in the prioritization 

of EEMs. Both energy-savings and load-
reduction impacts should be considered in the 
analysis of each EEM. The EEMs are then run 
in combination to evaluate the optimal synergy 
between cost, savings, and load reduction. All 
of these iterations are run using the baseline 
model for comparison.

• It is important that load-reduction strategies 
are evaluated before using the model to eval-
uate HVAC system options. One of the goals 
in this round of modeling is to begin to evalu-
ate the potential for downsizing the HVAC 
system. If HVAC system options are evalu-
ated based on the baseline model’s loads 
and parameters, then the full effect of HVAC-
system-size and -cost reductions will not be 

Carbon Footprinting

Carbon footprinting is a methodology for determin-
ing how much carbon dioxide is being created by 
the activities of a person or an organization. It is 
becoming more popular as awareness of climate 
change grows.

The process begins with an inventory of all relevant 
CO2-generating activity. Calculator tools exist to 
assist in quantifying the carbon dioxide created per 
activity by assigning emissions factors to individual 
activities. Current calculators draw on many differ-
ent data sources for calculating these factors, and 
the calculation methodologies used by these data 
sources range from the precise to the unknown, so 
outcomes from these tools can vary signifi cantly. 
Also, these calculators can produce a wide range 
of results depending on how the scope of the in-

ventory was determined, how “energy” is defi ned, 
and a number of other technical factors.

For this reason it is important to establish your pur-
pose for undertaking a carbon inventory. If you want 
to know which areas of your activity are creating the 
most carbon dioxide for the purpose of focusing on 
ways to reduce the associated emissions, then it is 
always a useful exercise to compare strategies—
regardless of how precisely the calculations are 
determined. If, on the other hand, you want to use 
this information to broadcast your good deeds, or 
engage in voluntary or regulatory carbon markets, 
then precision is much more important.

To better understand inventory scope issues, let’s 
look at an example of a typical offi ce building. The 
typical scope might begin with the following:
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accurately evaluated; hence, HVAC system 

options should be evaluated after all loads 

have been reduced as much as possible in 

the model via the most promising combina-

tion of EEMs. If the potential HVAC systems 

are known, then these systems should be 

modeled assuming the reduced loads. De-

pending on the software used for energy 

modeling, this may require the performance 

of HVAC load and system calculations in a 

separate piece of software. 

� On-site combustion energy use by the building
� Electricity use based on utility fuel type, i.e., com-

bustion of coal vs. natural gas or hyroelectricity, 
etc.

� Employee business transportation (car, train, and 
air miles)

� Employee commuting transportation

Now let’s say that this inventory is for an organiza-
tion’s new building project. Should this inventory 
include the extraction and manufacture of the build-
ing’s materials? Should it include the transportation 
for getting those materials to the job site? Should it 
include the impacts related to the project’s design 
and/or job-site meetings? Should it include the con-
struction activity? And if so, should that include the 
transportation of the workers to the site? Should the 
contractor’s equipment be included or should these 
impacts be attributed to the contractor? In other 
words, the scope questions abound, and their an-
swers are not universally accepted, so if you engage 
carbon footprinting in order to claim that you are 
carbon neutral, then we must all accept that there is 
a great deal of uncertainty in the term “neutral.”

It is always best to begin by using accepted standards 
for this work. Standards can be very helpful in estab-
lishing accepted practices and rules so claims of re-

duction and neutrality have real meaning. The relevant 
International Organization for Standardization (ISO) 
standards for defi ning this work are listed below.

Since most carbon footprinting is undertaken in or-
der to achieve—and thereby claim—carbon neutral-
ity, the carbon issue gets even more complicated. 
The most real and effective way to head toward neu-
trality is by implementing strategies that by various 
means reduce carbon impact. Most often, though, 
carbon offsets are purchased to reduce carbon 
footprints. At their best, these offsets can create 
markets that alter the fl ow of dollars into programs 
and projects that benefi t the environment, e.g., fund-
ing carbon-reduction programs that in some cases 
could not exist without these dollars. At their worst, 
carbon offsets are nothing but dollars spent with 
little or no benefi t to the environment. At present, the 
evolution of carbon footprinting requires signifi cant 
research to ensure that what is being claimed as an 
offset is really an offset.

Example standards:

� To assist with service life planning, see ISO 
15686

� To assist with carbon footprinting, see ISO 
14064, 14065

� To understand LCA, see ISO 14024

P A R T  A — D I S C O V E R Y  193



194 T H E  D I S C O V E R Y  P H A S E

• Tools (examples)

 Several available energy modeling software 

programs can simulate whole-building energy 

consumption. Perhaps the simplest of these 

tools is Energy-10, a personal-computer-based 

program that enables architects to quickly iden-

tify cost-effective, energy-saving measures for 

commercial and residential buildings under 

10,000 sq. ft. (www.nrel.gov/buildings/ener-

gy10). Larger and more complex buildings re-

quire more sophisticated programs. The most 

widely used of these are the following:

• eQUEST: This building-energy-use analysis 

program is available at no charge at www.

doe2.com.

• VisualDOE: This energy-simulation program 

is available at www.archenergy.com/prod-

ucts/visualdoe.

• HAP: Developed and owned by Carrier, this 

hourly analysis program is available at www.

carrier-commercial.com/software.

• TRACE™: This chiller plant analysis soft-

ware, developed and owned by Trane, is 

available at www.trane.com/commercial/

software.

• EnergyPlus: This energy-simulation software 

from the U.S. Department of Energy merges 

the popular features and capabilities of the 

Department of Defense’s BLAST and DOE-2. 

Graphic interfaces are under development. 

Available at no charge at www.energyplus.

gov.

• TRaNsient SYstems Simulation, or TRNSYS: 

The modular structure of this tool allows for 

custom confi guration—available at http://

sel.me.wisc.edu/trnsys/.

� Materials

• Materials Matrix: Teams often fi nd it useful to 
construct a spreadsheet matrix listing materi-
als against the environmental criteria being 
considered so that materials options can be 
compared in a simple format. These criteria 
include all those that LEED addresses and 
more: recycled content, certifi ed wood con-
tent, material off-gassing, distance from man-
ufacturing and extraction, rapidly renewable 
content, embodied energy, waste generation, 
environmental stance of manufacturer, ease of 
disassembly, toxicants generated by manu-
facturing, carcinogen and endocrine disrupter 
content, and so forth.

• Life Cycle Assessment (LCA): As previously 
discussed, LCA tools provide a more accu-
rate and more detailed analysis of materials 
impacts. These tools compare various mate-
rial options in terms of their applicability to the 
project and their impacts over the building’s 
service life across a range of LCA environmen-
tal impact indicators, based on quantifi ed en-
vironmental inputs and extractions.

• Service Life Planning. Establish the planned ser-
vice life of the building, as discussed in Stage 
A.3.1: Most impacts of buildings occur over 
time while the building is in operation. Energy 
and water use are good examples of this. The 
impacts accrue as energy and water are used. 
With materials, on the other hand, the impacts 
mostly occur before and during the initial stage 
of the building’s life (extraction, manufacturing, 
and installation) and at the end of its useful life 
(disposal). This means that early assessment 
of a building’s materials needs in terms of the 
building’s service life is a key consideration 
when seeking large opportunities for reducing 
overall materials impacts—the longer they last, 



the smaller the impacts associated with their 
disposal and/or replacement.

 A recent study by the Athena Institute shed some 
light on materials used in buildings by attempting 
to determine why buildings are torn down. The 
Institute obtained a database of buildings that 
had been demolished in a single year. Owners of 
these buildings were contacted and asked what 
the structural and envelope materials of their 
building were and why it was torn down. A most 
interesting fi nding was that many of the struc-
tures with the shortest service life (often less than 
twenty years)—namely mini-malls, strip malls, 
fast-food buildings, etc.—were made from the 
most durable materials, that is, concrete, steel, 
or brick. Following demolition, most of these ma-
terials typically end up in landfi lls. Some of them 
can be recycled, but this requires a signifi cant 
amount of energy, and often, high-quality materi-
als like portland cement are reduced to subbase 
materials.

  So one might ask, if not these materials, what 
materials should be used for buildings with short 
service lives? Well, perhaps these materials in 
the right combination might work quite well, so 
long as they can be disassembled and reused 
more easily.

  We used this thinking on a project for the U.S. 
Postal Service. We were told in early meetings 
how big the building needed to be. It seemed 
quite large, based on the size of the local com-
munity, so we asked “why so big?” As it turns 
outs, this agency plans the location and size of 
their facilities based on projected growth pat-
terns. In this case, projected data indicated 
a fast-growing area, so the building was pro-
grammed to accommodate ten years of growth. 
In the words of the project manager: “basically, 
the employees will have a ballroom to work in for 
the fi rst decade.”

  Further discussion led to the following solu-
tion: The building was designed to utilize struc-
tural insulated panels (SIPs). We focused on 
connections for these SIPs not only for disas-
sembly but also for ease of adding a phased 
expansion. As a result, the design was devel-
oped to build an initial building for fi ve years of 
projected growth with plans for easily construct-
ing an addition that could accommodate the 
next fi ve years (whenever it was deemed nec-
essary) without demolishing any of the existing 
building components. Piers were poured for the 
addition, so that site disruption would be mini-
mized during the expansion. All structural and 
shell components were designed around a 24-
inch module to reduce waste. Everything was 
designed for ease of disassembly, so that all 
components could be reused. In other words, 
all waste was designed out of both the initial 
project and the phased expansion. Additionally, 
the SIPs contributed signifi cantly to the build-
ing’s energy performance.

• Tools (example)
• ATHENA® Impact Estimator for Buildings: This 

LCA tool, as mentioned above, is described 
in the “LCA Tools” section of Chapter 6. It can 
be used to analyze and compare various ser-
vice life options against more than a dozen 
environmental impact indicators. One of the 
primary environmental impact indicators that 
LCA tools can analyze is carbon emissions, 
so such tools can assist in quantifying the 
carbon footprint of a project.

� Coalesce fi ndings and bring analysis to a rea-
sonable conclusion before beginning the Sche-
matic Design phase

The analysis described above for Stage A.5 may 
seem like an awful lot of analyses—because it is. 
It clearly adds more time and effort during the Dis-
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covery Phase, but it allows for informed decisions 

earlier in the process, so that later stages are not 

hamstrung or paralyzed by too many variables. 

Schematic Design (SD) can now become more 

focused on refi nement, rather than regressing to 

questioning fundamental issues. In short, as stated 

above in Stage A.3, the Construction Documents 

phase can be reserved solely for documentation, 

hence becoming much more effi cient and taking 

less time. In the end, the total design time frame 

can remain the same, but the effort is much more 

front-end loaded.

By spending this upfront time to coalesce the 

major issues and form-givers before schematic 

design begins, the team has the opportunity to 

use the subsequent SD phase for focused de-

sign reconciliation, rather than trying to process 

too many new ideas at once. In other words, the 

range of alternatives to be explored in SD has 

already been significantly limited, because sys-

temic analysis has identified and resolved many 

of the potential form-giving design inputs that 

otherwise could—and often do—overload the it-

erative SD exploration.

Sample Basis of Design Outline

The following sample BOD outline, when tailored to 
the specifi cs of a project, provides a framework for 
documenting the technical design parameters and 
quantifi ed performance objectives.

1. Primary design assumptions
a. Space use based on OPR
b. Redundancy level
c. Diversity issues
d. Climatic conditions
e. Space zoning
f. Occupancy types and schedules
g. Special requirements for indoor environmental 

conditions

2. Standards
a. General building codes, guidelines, regulations
b. LEED related additional requirements (i.e., en-

ergy-use reduction, water-use reduction, etc.)

c. Industry-related requirements (i.e., hospital, 

information technology (IT), manufacturing 

standards)

3. Narrative descriptions and performance 

requirements (chronological descriptions 

of the main systems as they evolve over the 

phases of project design and construction)

a. Architectural systems

b. HVAC systems

c. Building automation systems

d. Lighting systems

e. Water systems

f. Power systems (normal/emergency, special 

metering)

g. Communications systems

h. Information technology systems

i. Security and life-safety systems
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ENTERING PART B—DESIGN AND 
CONSTRUCTION

W
e are now moving into Part B, Design and Con-
struction. As described in Chapter 5, this phase 
begins with what currently is called Schematic 

Design; consequently, the structure of this phase more 
closely resembles conventional practice. However, the 
activities that are engaged expand and enliven the de-
sign process by folding in all of the work and under-
standing of systems interactions from Part A, Discovery. 

c h a p t e r

Schematic Design
6

The habit of calling a finished product a Design is 
convenient but wrong. Design is what you do, not 
what you’ve done.

—L. Bruce Archer, engineering designer, design theorist 
and academic, Professor of Design Research at London’s 

Royal College of Art

Designing is not a profession but an attitude. . . 
thinking in relationships. The designer must see 
the periphery as well as the core, the immediate 
and the ultimate. . . He must anchor his special 
job in the complex whole.

—László Moholy-Nagy, photographer, graphic designer, 
and cofounder of the Bauhaus, from László Moholy-Nagy, 
Vision in Motion, Chicago: Institute of Design 1947, p. 42

Design is not making beauty, beauty emerges from 
selection, affinities, integration, love.

—Louis Kahn, architect from Louis I. Kahn, Writings, Lectures, 
Interviews, New York: Rizzoli, 1991,“Order Is,” 58–59

Design is the patterning and planning of any 
act toward a desired, foreseeable end . . . any 
attempt to separate design, to make it a thing-by-
itself works counter to the fact that design is the 
primary underlying matrix of life.

—Victor Papanek, industrial designer, from his book Design 
for the Real World, London: Thames & Hudson, 1985



198 S C H E M A T I C  D E S I G N

As a result, teams enter Schematic Design more fully 
informed and prepared to develop optimized and inte-
grated design solutions.

What we have examined up to this point in the pro-
cess is the production of conceptual design schemes 
based upon the building program, its environmental 
impacts, and its relationships with its larger context 
and place. Schematic Design typically develops these 
conceptual design ideas. As we have seen, the word 
“develop” in this context—and at its source—means 
to “reveal” or “to bring forth new potential.” The op-
portunity at this point, then, is to discover greater po-
tential by investigating these ideas more deeply, with 
more integrated and elegant solutions. This is a highly 
iterative process. Traditionally, though, we start so-
lidifying these ideas right away, by translating them as 
quickly as possible into drawings and fi xed building 
forms. This tends to prohibit us from further discov-
ery, because we end up locking into fi nite solutions 
too quickly—once drawings are created, design teams 
often become married to them, simply by virtue of the 
effort involved and the fees expended.

Building Information Modeling (BIM) often is 
touted as the great technological answer to achiev-
ing integrative solutions. But the computer is simply 
a tool, a hammer of sorts. Accordingly, we need to take 
a moment here to warn design teams about assuming 
that the use of such tools results in automatic success. 
If team members are not engaged in solidifi ed rela-
tionships with each other, then the technical systems 
and building components they are designing likely 
will not be either. As a result, the complex information 
stored in the computer ceases to be very useful.

An organization called Bioteams (www.bioteams.
com) confi rms this “disconnect,” using data derived 
from numerous studies. As stated in the second page 
of The Bioteaming Manifesto: “The adoption of new 
tools without the parallel development of a new cul-
ture that supports their use and the potentialities 

opened by these new media scenarios is typical of all 
neophyte phases of technology adoption. We have yet 
not uncovered the full potential available to us when 
we operate, like nature operates, as cooperative, highly 
motivated teams.” *

Thompson and Good’s bioteaming manifesto 
tells us that “today’s teams are a very different animal 
compared to those many of you grew up with . . . a 
new name is needed for today’s teams,” such as “Vir-
tual Network Teams: Virtual means that the team is 
dependent on internet technologies more so than be-
fore. Networked means that the team is made up of 
dispersed and physically distant individuals who are 
interconnected and operate as an organic entity… 
thus old-fashioned command and control approaches 
are vastly ineffective.”*

Furthermore, the authors fi nd that:

“Statistics on IT project teams reveal some 
enlightening information:

Only a third of change initiatives achieve 
objectives…

74 percent of IT projects are unsuccessful…

Only 1 in 5 IT projects is likely to bring full 
satisfaction to their organizational sponsors…

These numbers reveal the quantifi able evidence 
that there is something deeply wrong in the 
way Virtual Networked Teams are operating in 
today’s organizations.”*

Contemporary design teams operate very much 
like a “Virtual Networked Team,” as they use elec-
tronic drawings and Internet-based shared work-
space sites more and more often to communicate 
and exchange information. Bioteams and other orga-

*Ken Thompson and Robin Good, “The Bioteaming Manifesto: A New 
Paradigm for Virtual, Networked Business Teams,” November 9, 2005, 
http://www.bioteams.com/2005/04/06/bioteaming_a_manifesto.html 
(accessed October 22, 2008).
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nizations, such as the National Institute of Building 
Standards (NIBS), are realizing that the organization 
and structure of such design teams (and the change-
management process) need to be addressed from a 
sociological—not merely technological—perspec-
tive. In other words, the process of communication 
and the willingness to colearn across disciplines is 
essential for achieving success. Accordingly, for the 
purposes of this book, the sociological and human 
interrelationship issues associated with integrative 
design will remain our focus, not the technical tools 
utilized to document the results of these interactions, 
such as BIM and other IT solutions. Nevertheless, 

such tools bear mentioning, since they can be used to 
assist the integration process.

We are not suggesting that technologies such as 
BIM are not useful or important, only that they are 
not very effective without the interaction of the hu-
mans that use them. You may recall the Mental Model 
diagram from Chapter 3 (Figure 3-9), where Tools 
ranked below Process in the trajectory of sustainabil-
ity practice; in other words, such tools are important 
components in the integrative design process, but 
alone they are insuffi cient. Additionally, if we move 
into technological documentation too quickly, we lose 
opportunities for further discovery and integration.

BIM: Building Information Modeling
By Max Zahniser

Strong emergence refers to instances in which at-
tributes and behaviors of a complex system do 
not logically follow from the sum of the system’s 
parts. This phenomenon is sometimes expressed 
in the form of a mathematical analogy: 1 + 1 = 3. 
A commonly cited example of strong emergence is 
human consciousness, which appears to be much 
more than the sum of sensory organs, gray matter, 
and synapses. Strong emergence stands in con-
trast to weak emergence, in which the properties of 
a system are reducible to its individual constituent 
components only, and is thus easily understood; 
2 = 1 + 1. An example of weak emergence might 
be a brick wall emerging by stacking up several 
bricks.

The idea of strong emergence as presented here 
applies to ideas emerging from a group of profes-
sionals that no individual could have brought forth 
on their own. This concept often triggers skepti-

cism and makes some scientists and philosophers 
uneasy, as it looks a bit like magic. A conservative 
scientifi c position might argue that if you are observ-
ing what appears to be strong emergence, then you 
simply have not identifi ed all of the constituent parts 
of the system. I might not argue against this, but I 
would argue that the laws of physics, or even chem-
istry and biology, are not always perfectly analogous 
to systems of thought and ideas. Collective thought 
and creative collaboration may simply be processes 
that are interdependent with higher level systems 
than we have yet managed to fully understand sci-
entifi cally. I believe that Organization Development 
and Industrial/Organizational Psychology, as well 
as some advanced neuroscience, are at their core 
burgeoning fi elds seeking to unpack some of the at-
tributes of these higher level systems along with the 
work of philosophers such as Arthur Koestler, Ken 
Wilbur, and Mark A. Bedau. In short, we likely will not 
put the strong emergence debate to rest here.

(continued)
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But if the goal, at least metaphorically, is to consis-
tently yield this “magical” strong emergence in the 
context of building projects, then integrative design 
is analogous to best-practice spells or potions—and 
the potency of that magic elixir is strengthened when 
information technology is part of the recipe.

Design and construction professionals experienced 
an evolutionary, if not revolutionary, industry-wide 
shift in building documentation practices starting 
at a meaningful scale in the mid to late 1980s and 
extending through the 1990s by switching from 
hand drawings to computer-based documents and 
digital 3-D design. The use of computer aided draft-
ing (CAD) tools is now a nearly universal practice 
among architectural and engineering (AE) fi rms and 
many builders. Over the last ten years, though, CAD 
tools have likely evolved to their full potential.

As CAD approached this optimization, investment 
of creative energy in the AE segment of the software 
industry shifted to developing the next evolutionary 
leap. That leap has landed at a set of tools that can 
be categorized under the term BIM (Building Informa-
tion Modeling). The fundamental nature of BIM appli-
cations is completely different from CAD, aside from 
functioning as design and documentation tools. Most 
CAD applications deal strictly in geometry, color, and 
pattern. So CAD is really just a faster way of drawing.

BIM, however, is an entirely different way of thinking 
about representing a building. In fact, using a BIM 
tool is really a process of producing a virtual build-
ing. Whereas CAD forces one to squeeze spatial 
ideas into two-dimensional, representational views 
of a building, BIM enables designers to create the 
building as a building.

BIM tools can be considered simply 3-D graphical 
interfaces for BIM fi les, which are really just data-
bases. These databases relate specifi c, identifi ed 
objects (e.g., a wall) to attributes, like material type, 
connections to other objects, etc. Building Informa-
tion Models, then, are 3-D virtual constructs of build-
ings, in which data related to each component of 
that building are embedded.

When drawing a building in a CAD application, one 
simply draws the same building from multiple views. 
Each time a change is made, one must determine 
which views are impacted, and modify each indi-
vidually. Coordination across disciplines, of course, 
is also an important issue.

Conversely, in BIM applications, because each view 
of a building is exactly that, a view of a single data-
base, a change made from any view modifi es the 
virtual building itself. Thus coordination across views 
is not necessary. A quote used commonly in training 
for these tools is “a change anywhere is a change 
everywhere.” Additionally, when using interoperable 
BIM tools across design disciplines (architecture, 
structural, mechanical, etc.), most BIM tools are ca-
pable of some level of clash detection. This means 
that the BIM application can determine when struc-
ture, ductwork, pipes, etc., confl ict, and alerts the 
user. This alone can radically reduce time spent on 
coordination for larger projects.

Like CAD, BIM technologies crossed over from 
automotive and aircraft design. Also like CAD, BIM 
faces similar market push-back challenges related 
to change-management issues among its potential 
consumers. Despite these age-old organizational 
change hurdles, BIM’s uptake appears to be much 
more rapid than CAD’s was, and even LEED’s, 
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though the destinies of LEED and BIM are becom-
ing more intertwined.

It is perhaps obvious that a software application, like 
any tool, in and of itself does not fundamentally shift 
a process or enhance its product. If you hold a ham-
mer by its head and smack the handle against an 
upside down nail, it does not work very well. In fact, 
it makes building whatever it is you are attempting 
to build even harder than more primitive techniques. 
But holding it correctly and swinging it skillfully at a 
sharp, upright nail can lead to holding wood togeth-
er quite effectively. This is just the nature of tools; 
you have to learn the skill of using them well.

Likewise, even with the most promising BIM tech-
nologies, if implementation of that technology is not 
well planned, its use could actually hurt the quality of 
output. But, much like the LEED rating system, there 
still is a hidden benefi t, even when forced upon a 
project team via mandates or company policy deci-
sions. Even in the absence of an integrative pro-
cess, BIM and LEED can reveal integrating forces, 
albeit uncomfortable and costly ones—using LEED 

likely delivers a better building than the same proj-
ect would have achieved without using LEED, but 
perhaps not in a sustainably repeatable way without 
improvements in the process. But like LEED, BIM 
is forcing project team members to have conversa-
tions that may not have happened otherwise.

That said, the cost effectiveness and quality of the 
product (the building) will climb enormously by 
understanding both LEED and BIM as tools that re-
quire an integrative process to be used well. When 
woven into an integrative process, both of these 
tools have the potential (now often realized) of deliv-
ering an even better building project with cost sav-
ings, instead of cost premiums.

The photo in Figure 6-1 is a still-frame image from 
a video that resulted from collaboration between 
myself, while at the U.S. Green Building Council 
(USGBC), and a team at Autodesk. The aim was 
to envision an idealized design tool of the future. 
Built upon a BIM platform and intertwined with 
simulation engines and a digital building product 
marketplace, the tool would be capable of giving 

(continued)

Figure 6-1 Interactive multi-
touch screen built by Perceptive 
Pixel to demonstrate the future of 
integrating building information 
modeling (BIM), building form, 
energy modeling, and LEED soft-
ware to allow users near-real-time 
feedback on building performance 
impacts of design options 
(presented at the Opening Plenary 
of U.S. Green Building Council’s 
annual Greenbuild, November 
2007). Image reproduced with 
the permission of Autodesk, Inc. 
©2008. All Rights Reserved.
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HERE’S WHERE WE ARE

We convene a team charrette, or workshop, and then 
we call it “integrated design.” Often, though, this char-
rette is a team meeting convened simply to verify 
alignment with the project’s LEED goals. Such single-
meeting and single-topic scenarios are rarely capable 
of achieving integration. As discussed repeatedly in 
Chapters 4 and 5, integration requires an iterative 
and evolving process of continually deepening under-
standing and refi ning solutions.

We have found that architects want to end the sche-
matic design phase as quickly as possible. They want to 
resolve and document a schematic solution that:

� meets program requirements

� establishes design character and project aesthetics

� defi nes building and site confi guration

� complies with codes constraints

� verifi es infrastructure availability

� identifi es building, site, structure, and material sys-
tems

� complies with requirements of targeted LEED credits

� receives the owner’s approval

Once complete, this set of schematic design docu-
ments is sent to an array of engineers (structural, me-
chanical, electrical, civil, etc.). Each engineer wants to 

users near real-time feedback on the building per-
formance impacts of their design changes.

It sounds and looks a bit far-fetched, and intentionally 
so. The interface, a 4’ � 8’ multitouch screen built by 
Perceptive Pixel, was selected to reinforce the point 
that this was a vision of the future—a tool that would 
not hit the shelves tomorrow. That said, the technolo-
gies that this application would intertwine basically 
exist today. As William Gibson (science-fi ction author) 
aptly put it, “the future is already here. It’s just not 
very evenly distributed.” In fact, the primary barrier to 
realizing a design interface like this one comes down 
to the interoperability of its components, which in turn 
comes down to business issues and relationships 
among the owners of those components.

Simply stated, we are moving toward a preassembled 
tool kit with which project teams, when guided by in-
tegrative design principles, can better understand the 
impacts of their decisions as they make them. In the 
meantime, we can piece such a tool kit together.

In fact, BIM applications exist today that can run en-
ergy analysis at the touch of a button during design 
and documentation, calculate loads and size struc-
ture accordingly, do construction cost modeling in 
keeping with popular cost estimating compendiums, 
run artifi cial lighting and daylight modeling, run 
computational fl uid dynamics simulations (to study 
airfl ow), and in some cases, nearly all of the above 
functioning interdependently—all derived from the 
database(s) running in the background of a BIM ap-
plication.

By assembling a tool kit of BIM applications and by 
appropriately matching their functionality to explore 
interrelationships, a project team can align their pro-
cess, their tools, and the building with the goals of 
integrative design. These BIM tool sets, then, when 
used across disciplines, can be seen as the design 
and analysis tool embodiment of systems theory—
or at least as another key to illuminating the realities 
of systems’ interdependence.
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start selecting their systems and documenting them as 
quickly as possible as well. At the same time, a land 
development plan that addresses zoning require-
ments, development footprint, parking, stormwater 
management, utility connections, traffi c analysis, and 
open space areas is created and submitted to local au-
thorities for approval. Essentially, we want to freeze 
the design as quickly as possible in order to maintain 
schedule, reduce the variables and “unknowns,” obtain 
entitlement approvals, and get paid for this phase.

We see this happening frequently. Early in our com-
missioning relationship with a major hospital client, 
we found that there were several different architectur-
al and engineering (A&E) teams serving the owner’s 
numerous construction needs on a variety of projects. 
Each project required an orientation meeting with the 
team, and sometimes these occurred when projects 
were already well into schematic design. In one such 
meeting, an architect actually yelled out: “We don’t 
have time for this Mr. Rogers exercise” and stormed 
out of the conference room. He later apologized and 
explained that he had realized that his frustration was 
born of the typical breakneck pace under which he 
and the client had been moving; with deadlines loom-
ing and expectations high, there was no time to stop 
and refl ect: “We just had to keep moving forward—no 
time for refl ection, only time for drawing.”

STOP AND REFLECT

What’s Working?

The conventional schematic design phase we currently 
employ can be characterized as follows:

� We work on very concrete objectives.

� We move in a generally straight-line progression to-
ward clearly defi ned goals.

� We reduce variables quickly and limit unknowns.

� We perceive that we have reduced risk.

� We perceive that fast decisions keep us on schedule 
(time equals money).

� We receive planning approval from the local au-
thorities.

� We confi rm that we have met code compliance rela-
tive to the architectural design.

� We reconfi rm that we are on track for meeting our 
LEED goals.

� We establish LEED-based performance targets 
for engineering-related issues (such as thermal 
comfort, ventilation rates, etc.) for the mechani-
cal, electrical, and plumbing (MEP) engineers to 
verify.

� The MEP engineers begin to conceptualize appropri-
ate systems based on the targeted LEED-performance 
parameters.

� The architect determines the building form and 
confi guration and creates building plans, eleva-
tions, and sections to prepare for detailing.

� The architect identifi es a potential palette of mate-
rials based on approved renderings so that detailing 
can begin to be explored.

We now have a clear set of documents for estab-
lishing an initial cost estimate, based upon clearly de-
fi ned parameters. These documents were produced 
by a predictable process that enables the team to con-
clude this phase with a relatively small percentage of 
the total A&E fee expended.

What’s Not Working?

The owner, design team, and zoning authorities now 
have locked into an image and an established building 
form. There is little or no turning back:
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� Site design is frozen for the most part, reinforced 
by submitted and approved land development and 
zoning documents.

� Our focus on water issues has been narrowed to 
designing stormwater systems that reduce runoff 
and to selecting low-fl ow plumbing fi xtures in the 
next phase. We have not taken into account the op-
portunities for the building to contribute to larger 
hydrologic cycles.

� We have limited our options for affecting energy 
performance. By committing to footprint, massing, 
aperture placement, and window sizes too early, the 
most effective opportunities for energy savings are 
compromised.

� We have unwittingly specifi ed a signifi cant number 
of materials and systems without much analysis 
and understanding of their impacts.

� We think that we have done a good job addressing 
indoor environmental quality (IEQ) issues by target-
ing LEED performance criteria, but perhaps not.

We often see project teams with good intentions 
limiting their design explorations to the issues and 
metrics defi ned by the rating system being used (such 
as LEED), as discussed in Chapter 5. Because rating 
systems serve as tools for defi ning what is important 
in green building projects and for assessing perfor-
mance, design teams tend to focus their efforts on 
what the rating system has chosen to measure. This 
focus can limit our fi eld of vision. It encourages us to 
concentrate on the technical issues identifi ed in the 
rating system, but not beyond—and not necessarily in 
ways that interlink and expose the interrelationships 
between the different “line-item” criteria listed in the 
rating system’s checklist.

Further, we typically produce all of this docu-
mentation with minimal input from the builder (or 

construction team) or from the building’s operations 

team, maintenance staff, and occupants. More often 

than not, the schematic cost estimate is over budget; 

this results in early “value engineering,” which gener-

ally results in scope reduction or removal of system 

components, particularly the elimination of green 

features that are assumed to cost more. These green 

features are targeted for elimination because they are 

perceived as separate technologies, overlaid on top of 

the design solution.

In summary, lack of analysis in this early stage 

produces schematic solutions that lack both an un-

derstanding of systems performance and the in-

teractions between systems—we assume that these 

systems and their performance will be addressed with 

engineering solutions later. We make design decisions 

that become fixed solutions without fully realizing 

how these decisions impact building performance. 

The resulting schematic design represents a solu-

tion based upon the function, image, and aesthetics 

of the object, but these decisions have not been in-

formed by performance parameters or performance 

analysis; rather, they largely represent predeter-

mined solutions that limit the scope of exploration. 

Such exploration is obviated by the demands of a 

shortened time frame, which in turn forces design 

decisions that lock us into solutions that remain 

unalterable in later phases (“We just have to keep 

moving forward—no time for reflection, only time 

for drawing”), thereby increasing costs, adversely 

impacting performance, and creating other unin-

tended consequences.

When just 1 percent of a project’s up front costs 
are spent . . . up to 70 percent of its life cycle 
costs may already be committed.

—Joseph Romm
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How Can We Do (and Think about) 
This Differently?

Questioning Assumptions

On a project for the Sidwell Friends School, our client 
wanted their project to demonstrate advanced green 
thinking and technologies. As a result, the architect 
originally programmed a Living Machine® to treat 
wastewater—a good idea, but expensive and requiring 

high maintenance. The owner was completely willing 
to spend the extra dollars for this on-site sewage treat-
ment technology because of the opportunity to use it 
as a teaching tool, one that would serve as a compo-
nent of their curriculum. The team had operated on 
the assumption that on-site sewage treatment was 
more expensive than connecting to the municipal sew-
age system. However, we questioned this assumption by 
suggesting another alternative: an on-site constructed 

Figure 6-3 The completed con-
structed wetland at the Sidwell Friends 
School cost less than connecting to the 
municipal sewer system. Image courtesy 
of Sidwell Friends.

Figure 6-2 The Sidwell Friends School 
installed an on-site sewage treatment 
constructed wetland system as the best 
and most cost-effective alternative. This 
3-D rendering depicts the integration of the 
project’s constructed wetlands treatment 
system components into the building’s water 
supply and demand loop. Image © Kieran 
Timberlake Associates.
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wetlands treatment system. As it turned out, the con-
structed wetlands not only cost less than the Living 
Machine (and was much less expensive to operate and 
maintain); it also cost less than simply connecting to the 
city’s sewer system, because the sewage invert elevation 
at the road was at a higher elevation than the building, 
therefore requiring an expensive pumping lift station.

The Willow School team discovered the same 
thing; but in their case, a constructed wetlands treat-
ment system turned out to be less expensive than a 
simple, conventional septic system. The original as-
sumption was that a basic, “dumb system,” like septic 
treatment, would be the most cost-effective—how can 
anything be cheaper than that? Except in this location 
in New Jersey, the clay soil structure required the sep-
tic tile fi eld to be buried eight feet below grade. The 
excavation costs to accomplish this would have re-
sulted in the septic system costing $30,000 more than 
constructed wetlands treatment. (This savings, along 
with further benefi ts of constructed wetlands systems, 
is discussed in more detail below).

These experiences (along with many others) have 
taught us that without taking the time to question 
the team’s original assumptions, we never would have 
found better answers, and making decisions based on 
these assumptions would have cost more in terms of 
both money and environmental impacts

Engaging an Interdisciplinary Process

In 2002 the Neptune Township School District Board 
of Education decided to begin designing a new 
Midtown Community Elementary School. We were 
brought on board to begin early-stage energy mod-
eling. The SSP Architectural Group was already 
engaged in early design work when we joined the 
team. We initially identifi ed with the team a series of 
energy-effi ciency measures (EEMs) specifi cally tar-
geting a reduction of the building’s heating and cool-
ing loads.

Thirteen EEMs were identifi ed; these included 
building orientation, reduced lighting power density, 
daylighting strategies (such as light shelves and pho-
tocell-sensored dimming), improved window perfor-
mance, and higher levels of insulation in the walls and 
roof. A signifi cant change in the early design resulting 
from this exercise included reorienting the building by 
90 degrees to better control solar gains. This signifi cantly 
reduced energy consumption at no cost. The construc-
tion manager and the design team then explored the 
cost of implementing the remaining measures to deter-
mine the fi rst-cost impact associated with each EEM. 
This was done in parallel with analyzing each EEM in 
the energy model during schematic design.

As you might expect, each identifi ed EEM strategy 
resulted in a fi rst-cost increase, with the exception of 
the reduced lighting power density (LPD); this measure 
actually resulted in a reduction in the fi rst cost of the 
lighting system. By reducing the LPD and by working 
closely with the project’s lighting designer, hundreds of 
lighting fi xtures were removed from the project with-
out compromising the quantity of lighting throughout 
the building. Rather than fully direct, lay-in troffers, the 
lighting system was designed with pendant mounted, 
direct-indirect fi xtures. Overall, the LPD was projected 
to reduce the code allowance (at the time) of 1.5 watts 
per square foot to just over 0.90 watts per square foot.

A parametric energy modeling run was made for 
each individual EEM to determine the resultant annual 
energy savings for implementing only that EEM rela-
tive to an ASHRAE 90.1-1999 code compliant building. 
The simple payback period (for each of the measures 
that increased fi rst cost) ranged from about 5 to 8 years. 
Based upon standard EEM-evaluation techniques, sev-
eral of these measures likely would have been deemed a 
less than worthy investment, since their payback period 
fell beyond acceptable time thresholds. Often, this is 
where such evaluations end, but this type of simplifi ed 
analysis, in new construction, has severe limitations in 
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terms of truly evaluating the full and comprehensive ef-
fect of multiple EEMs being used together.

Accordingly, we next evaluated various combina-
tions of EEMs in order to see which combination re-
sulted in the best optimization of energy performance 
and heating, ventilating, and air-conditioning (HVAC) 
load reductions. By also looking at the fi rst-cost im-
pacts associated with each combination of EEMs, the 
team determined that the most optimized combina-
tion of EEMs had a simple payback of 3.37 years, a 
signifi cant overall reduction relative to the 5- to 8-year 
paybacks that resulted from looking at each EEM in-
dividually. This reduction was due to the synergies be-
tween systems, and it allowed the full set of EEMs to 
fall within acceptable payback time frames.

Taking the next step, we examined the effect of 
this optimized EEM combination on the building’s 
HVAC loads. A set of simplifi ed load calculations 
was run by the project’s HVAC engineer—fi rst for a 
standard school (with about 325 square feet per ton 
of cooling) and then with the optimized combination 
of EEMs applied. The combined EEMs resulted in an 
HVAC load reduction of 40 percent. Ground-source 
heat pumps (GSHPs) previously had been selected for 

the HVAC system. A signifi cant portion of the cost of 
this type of system is attributable to the well fi eld. The 
mechanical cost estimator determined that since the 
40 percent load reduction translated into needing to 
drill 40 percent fewer wells, a 10 percent reduction in 
the fi rst cost of the overall HVAC system could result. 
This 10 percent cost reduction equated to an estimated 
fi rst-cost savings of approximately $400,000.

The cost of implementing the combination of EEMs 
required to achieve this savings amounted to a total of 
about $125,000; hence, by spending $125,000 on en-
ergy-effi ciency measures, a $400,000 fi rst-cost savings 
was achieved. Consequently, the overall fi rst cost of the 
project’s construction was reduced by $275,000! The 
building cost less to build than it would have had we 
done nothing. At the same time, operating costs for en-
ergy were also signifi cantly reduced due to the smaller 
HVAC system—and, of course, this in turn resulted in 
a concomitant reduction in the environmental impacts 
associated with burning the fossil fuels that would have 
been needed to produce that energy.

This $275,000 savings paid for all of our analysis, 
consulting time, energy modeling, and commission-
ing, leaving additional money in the owner’s pocket. 

Figure 6-4 The integrative 
process employed for analyzing 
energy consumption at the Neptune 
Township School District Midtown 
Community Elementary School in 
New Jersey showed that big savings 
cost less than small savings. Image 
courtesy of SSP Architectural Group.
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Figure 6-6 Simple paybacks were 
determined for both individual and combined 
EEM strategies for the Neptune Township 
school project via energy modeling runs that 
calculated annual energy savings relative to 
the associated costs for the proposed EEMs. 
The most effi cient combination of EEMs also 
allowed for a 40 percent overall HVAC system 
load reduction. Image courtesy of Marcus 
Sheffer.

Figure 6-7 The 40 percent load reduction 
for the Neptune Township school project 
resulted in a 10 percent fi rst-cost savings for 
the HVAC system (due to down-sizing capac-
ity) that equated to $400,000. This reduced 
the building’s overall fi rst cost to $275,000 
less than conventional construction and saved 
signifi cantly on annual operating costs due to 
reduced energy consumption. Image courtesy 
of Marcus Sheffer.

Figure 6-5 This wall section from the 
Neptune Township School illustrates 
many of the listed energy-effi ciency 
measures (EEMs) implemented on the 
project. Thirteen EEMs were analyzed via 
parametric energy modeling runs. Image 
courtesy of SSP Architectural Group.
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This outcome was achieved, however, only because 
many members of the design and construction team 
engaged a highly cooperative interdisciplinary effort, 
one that understood the building as a whole rather 
than as a series of component parts.

The Neptune Township example illustrates that en-
ergy modeling tools, when used to inform an interdis-
ciplinary process and design decisions, can have a ma-
jor impact on building energy use over time. Similarly, 
life cycle assessment (LCA) tools also can help guide a 
well-informed decision-making process pertaining to 
materials. The pie chart in Figure 6-8, taken from the 
ATHENA® Impact Estimator for Buildings LCA model-
ing tool (see “Life Cycle Assessment (LCA) Tools and 
Environmental Benefi ts” below), begins to show us the 
importance of a typical offi ce building’s energy use rela-
tive to materials in terms of global warming impacts. In 
this example, the offi ce building was determined to have 
a sixty-year service-life expectancy; therefore, the model 
was set to show what the comparative carbon dioxide 
equivalents of energy use over that time would be, rela-
tive to those of the building’s materials over sixty years.

It is interesting to note that when we build green 
buildings, we often add mass to the envelope as a strate-
gy for reducing energy consumption in certain climates. 
These more massive materials, of course, will have a 
greater initial impact (e.g., embodied energy) than the 
materials we would use were we not focusing on reduc-

ing energy consumption. What LCA tools can help us 
do is fi nd ways to reduce the impacts represented in 
both parts of the pie chart. In this case, project teams 
could accomplish this by exploring envelope materials 
options in the energy model in parallel with entering the 
same optional inputs into the Athena model to assess 
materials impacts. Accordingly, the team can then com-
pare materials alternatives in both models, continually 
seeking to optimize and reduce both building energy 
use and materials’ impacts related to global warming. 
(See example below illustrated by Figures 6-16 through 
6-18.) This can happen only in the context of a highly 
integrated, interdisciplinary effort. 

Creating Alignment

Chapters 4 and 5 discussed in detail the importance of 
creating alignment across the entire team. Although 
the schematic design phase is a bit late in the process 
for creating such alignment, sometimes we have found 
that a project team may need to go back and re-address 
alignment issues, especially if alignment was not fi rmly 
established. In any case, project teams should continu-
ally “check in” on how their decisions are maintaining 
alignment with their initially established values and 
aspirations. The following story illustrates this aspect 
of an integrative design process during the design of 
a new library for the Associated Mennonite Biblical 
Seminary (AMBS) in Elkhart, Indiana; it was sent to 

Figure 6-8 This pie chart, taken from the Athena 
Environmental Impact Estimator, shows the ratio of 
primary energy used for operating energy as op-
posed to embodied energy over a sixty-year period 
for a sample East Coast project. If the pie chart 
refl ected the period just following construction, the 
embodied impact would be the entire pie, since 
the operating energy accrues over time. Image 
courtesy of the Athena Institute.
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us by Eileen K. Saner, the librarian and client team 
leader for our work on this project:

The initial planning for the new library of AMBS 
was done by the librarians, along with represen-
tatives of the faculty, students, and administra-
tion. This group produced a library building 
program, along with a detailed statement of the 
requirements of the building and the values of 
the institution. The new library would represent 
the Seminary’s commitment to research and 
scholarship in the same way that the campus 
chapel represents the importance of worship and 
spirituality. The Library Building Committee 
worked with the architect to create a schematic 
design that was based on these requirements and 
values, as well as on established principles of 
library construction. This schematic design was 
used to communicate the project to donors.

The design process paused for twelve months while 
money was raised for construction. During this 
time, the Librarian learned about sustainable build-
ing design. She became convinced that building a 
green library presented the Seminary with a unique 
opportunity to demonstrate a core conviction of 
Christian theology, creation care. “As stewards of 
God’s earth, we are called to care for the earth and 
to bring rest and renewal to the land and everything 
that lives on it” (Article 21, “Confession of Faith in a 
Mennonite Perspective”).

After several months of research and discern-
ment, the Seminary administration and board 
endorsed a resumption of the planning process 
with the added goal of constructing a LEED 
certifi ed green building. As a theological train-
ing center for the Mennonite Church in North 
America, AMBS hosts students, scholars, and 
church leaders from around the world. A green 
library at AMBS has great potential for infl uenc-

ing many building projects, and this potential is 
already being realized.

The advice of 7group, our green building consul-
tant, convinced us of the value of an integrative 
design process. The administration decided to 
set aside the original schematic design for the 
new library and to start over using the integrative 
design process to pursue LEED certifi cation. This 
decision enabled us to consider the full range of 
ideas that would promote sustainability in our 
new building, but we needed to re-align our team.

We hired a project manager and selected an engi-
neering fi rm with green building experience. We 
selected a local general contractor committed to 
becoming a regional leader in green building con-
struction. We hired a conservation consulting fi rm 
committed to sustainability that could advise us 
on site development with attention to storm-water 
management and sustainable landscaping.

Our green building consultant kicked off this 
newly aligned team endeavor by facilitating a 
two-day charrette with representatives from the 
Seminary planning committee, the architectural 
fi rm, the engineering fi rm, the site development 
consultant, and the general contractor. This char-
rette began with a brain-storming session aimed 
at identifying the core values of the group that 
could guide design decisions. The outcome of 
this charrette included a prioritized list of insti-
tutional values and an initial assessment of LEED 
points that could be attained for the project.

The most signifi cant physical outcome of the 
charrette, however, was a new and completely 
different footprint for the building. This new 
footprint incorporates two large rectangles ori-
ented east-to-west, connected by a central ser-
vice area. North-facing clerestory windows and 
large exterior windows bring natural light into 
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the building. Photosensors on the light fi xtures 
detect the amount of daylight available and auto-
matically provide only the level of electric light-
ing necessary for adequate illumination.

In addition to saving energy, this design gives day-
light and views to library users seated at tables and 
in carrels around the perimeter. Book stacks in the 
interior are protected from damaging exposure to 
direct sunlight. The loaded book stacks prevent 
sound from traveling back to quiet study areas. The 
service desk and staff offi ces are centrally located, 
close to all collections, and also near the entrance.

For eighteen months after the initial charrette, 
the project team, now operating as “partners,” 
met periodically to refi ne the design of the build-
ing. With owner representatives and all the pro-
fessionals present at these planning sessions, de-
cisions could be made considering the full range 
of possibilities, advantages and disadvantages, 
and potential costs. Each meeting ended with 
individuals taking on assignments to bring back 
information for the next meeting. Many options 

were considered for mechanical systems, roof 
structure for the clerestory windows, lighting 
and furnishings. When fundraising lagged, we 
explored ways to reduce cost without compro-
mising the sustainable features of the building. 
In the end, the project was fully funded and the 
building was constructed as designed.

The resulting new library is a dramatic and wel-
come change from original 1958 Seminary build-
ing with its low roof lines and dropped ceilings. 
The new tower draws attention to the entrance 
[of] . . . the library and also provides a transition 
between the original building and the higher roof 
line of the added new building. The arrangement 
of library collections and seating is clearly visible 
from the entrance. The large open spaces provide 
fl exibility that is essential as library resources and 
services are constantly changing.

Figure 6-9 The initial fl oor plan of the As-
sociated Mennonite Biblical Seminary (AMBS) 
project in Elkhart, Indiana, before engaging an 
integrative design process, was confi gured as a 
Greek cross in plan, which presented some dif-
fi culties for daylighting, energy effi ciency, and 
other green design strategies. Image ©2004 
The Troyer Group and Associated Mennonite 
Biblical Seminary.
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3 Figure 6-10 The initial AMBS project 
rendering before engaging integrative design (see 
Figure 6-9). Image ©2004 The Troyer Group and 
Associated Mennonite Biblical Seminary.

2 Figure 6-12 The fi nal fl oor plan of the AMBS project, refl ecting 
the conceptual sketch generated in the conceptual design workshop, 
reconfi gures the building as an H in plan for more effective daylight-
ing and energy-effi ciency strategies. Image ©2004 The Troyer 
Group and Associated Mennonite Biblical Seminary.

3 Figure 6-11 This AMBS fl oor plan sketch, generated 
in the conceptual design workshop, represents a signifi cant 
departure from the original design concept. As a result of 
this charrette, the owner set aside the original conceptual 
design that had been generated to enable fundraising and 
pursued this new building confi guration. Image courtesy of 
Marcus Sheffer.



2 Figure 6-15 The fi nished interior of 
the AMBS library. Image courtesy of DJ 
Construction.

2 Figure 6-14 The fi nished library at 
the Associated Mennonite Biblical Semi-
nary in Elkhart, Indiana. Image courtesy of 
DJ Construction.
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3 Figure 6-13 The fi nal AMBS project rendering 
after engaging integrative design (see Figure 6-12). 
Image ©2004 The Troyer Group and Associated 
Mennonite Biblical Seminary.
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What we have learned from such projects is that it is 
important to keep our minds open to being continually 
realigned. There are multiple levels of learning—fi ner 
grains of issues and approaches—that need to be ana-
lyzed and discovered. We have found it both benefi cial 
and necessary to pause and refl ect in the fray of battle 
to check that we are being true to the owner’s and the 
team’s originally defi ned values, aspirations, and pur-
pose, and to maintain alignment around them.

Mental Model Shift

When the minds of the entire project team can be kept 
open, a mental model shift occurs. This mental model 
shift is characterized by three simple things: the fi rst 
is allowing ourselves not to have all the answers at this 
phase of design, the second is awareness, and the third 
is observation.

Allowing ourselves not to have all the answers too 
quickly is as simple as it sounds. It means being open 
to ideas and design options that may be coming from 
anyone and anywhere, even if it requires reconsidering 
our options. To do this, it is necessary not to overinvest 
time in the creation of defi nitive electronic drawings 
too early. Such an investment can become an obstacle 
to the good ideas that nearly always surface from an 
engaged interdisciplinary design team that is aligned 
and questioning assumptions.

Awareness is a mental state of vigilance and alert-
ness. It is about taking everything that has been 
learned about the project, the people, and the place 
and searching for ways to integrate them.

Observation is about noticing what is actually hap-
pening with a place, with its people, and with the proj-
ect. It is much more than just “looking” at something. 
Glenn Murcutt, an Australian architect and 2002 
Pritzker Prize Laureate, has said: “We measure because 
we fail to observe.” He speaks eloquently about obser-
vation and how he spends time in the place where he 
is designing a structure. He learns how wind blows 
through it, how water fl ows on and in it, how the sun 

impacts it, and so on. Then he designs a structure to 
emerge from what he has observed, so that his build-
ings become part of a place—instead of destroying the 
place.

The tools that we use to achieve this mental model 
shift take on different roles as we experience the shift. 
LEED, for example, has inspired thousands of people 
to think differently about their daily work. It does this 
by guiding project teams through a step-by-step re-
view of a series of explicitly defi ned environmental is-
sues. As we have seen, when LEED is used properly, it 
becomes a way to focus the conversation on how to 
build a better building. When it is not used properly, it 
becomes an end point in itself.

When LEED, and the tools we use to achieve our 
purpose (such as energy modeling, daylight analysis, 
LCA modeling), become an end point in themselves, 
they get in the way. This occurs when we fail to focus 
on the purpose of the tool. Without a mental model 
shift that embraces that purpose, tools and other meth-
ods of working result in a misalignment between goals 
(achieving 50 percent energy savings, achieving LEED 
Gold, etc.) and purpose. When this happens, tools can 
become a proxy for truly being involved and caring.

Life Cycle Assessment (LCA) Tools and 
Environmental Benefits

In the last chapter, we discussed how life cycle assess-
ment (LCA) begins to shift our decision-making mod-
el. Once the basic structure and envelope decisions are 
ready to be made, LCA tools can assist in lowering the 
overall impact of the major elements of the building. 
In North America, there currently are two design-re-
lated LCA tools: One is Building for Environmental 
and Economic Sustainability (BEES); the other is the 
ATHENA® Impact Estimator for Buildings, along with 
the ATHENA® EcoCalculator for Assemblies, from the 
Athena Sustainable Materials Institute.

The BEES model was designed and is run by 
the National Institute of Standards and Technology 
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(NIST). It uses both generic and product-specifi c life 
cycle inventory data. This means that the basis for the 
information underlying the outputs of the tool come 
from generic sources about things like steel and wood, 
as well as from specifi c manufacturers’ products, such 
as Interface’s carpet lines. The BEES tool mostly fo-
cuses on individual product comparisons, but it also 
includes some building assembly information.

The Athena Impact Estimator for Buildings tool 
uses generic data only. It is not product specifi c. The 

purpose of this Athena tool is to estimate the large im-
pacts of different assembly groups at early phases of 
design so that project teams can look at alternatives 
and see how they might lower environmental impacts 
by choosing alternative assemblies. As a result, it pro-
vides a means for optimizing the large-scale materi-
als choices of a project’s core and shell components or 
structural systems.

By using these tools on a regular basis, we can be-
gin to see patterns that arise in terms of the environ-

On Measuring Tools and Purpose

In an article written with Jay Hall and published in 
“Ultimate Home Design” Magazine, Ann Edminster, 
an early LEED volunteer and green practitioner, dis-
cusses the relationship between measurement tools 
and green buildings by asking us to think about the 
role of measurement in a garden:

Imagine that your ambition is to grow the tallest 
sunfl ower in the neighborhood. It’s going to be 
10 feet tall! You have some seeds, a patch of 
soil, water, a few gardening tools, and a tape 
measure…but no gardening experience. What 
is it you need the most? Will the tape measure 
help you grow your coveted 10-foot sunfl ower?

No. What you need most is the wisdom of expe-
rienced gardeners, and ideally they should be in 
your own community or at least share the same 
climatic conditions. You have a few resources to 
try. You start with the library and the local book-
store. That helps a bit. You take a gardening 
class at the local botanic garden. Better. And 
you talk to other local gardeners.

. . . Eventually you develop the confi dence to 
begin your own gardening experiment. And your 
learning process continues the more you inter-

act with others and build on their experience 
with your own.

The question is, what role did the measurement 
tool play in this process? In this particular case, the 
measurement device was not related to the goal at 
all, nor how to achieve it. The height of the sunfl ower 
and how it reached that height bear no relationship 
to the tape measure—the measuring tool is totally 
unrelated to how the goal was achieved.

Some green building rating systems are designed to 
function only as measurement tools—after the fact 
assessments. They are there to help you assess how 
you are doing or what you have accomplished. Other 
rating systems, like LEED, function more as leader-
ship and transformational tools. In this sense, they can 
begin to function as guides. But guidance can have 
its pitfalls as well. For example, this guidance can be 
interpreted as “I’ve achieved a point, so I don’t need 
to do anything else with that issue.” No measuring tool 
can grow a sunfl ower, and no tool can design, build, 
or operate your building. Gardening and building are 
made easier and better with the use of tools, but the 
user always needs to know the function of these tools 
and fully understand their purpose to use them well.
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mental impacts associated with basic material types. 
For example, we see signifi cant water use related to 
steel, carbon dioxide emissions related to concrete, 
etc. These can allow us to make comparative materi-
als decisions based upon weighting the importance of 
different individual materials’ impacts, but it is likely 
that if you are designing a commercial structure, for 
example, you will have concrete, steel, wood, and 
many other materials on the project. We often fi nd 
that the best opportunities for reducing impacts lie in 
the team’s ability to optimize the collection of materi-
als together, by looking at the collective environmental 
impacts of materials assemblies. This, again, helps us 
shift our thinking from deciding what is “good” and 
what is “bad” to exploring materials assemblies that 
collectively use what is better.

For example, on many projects the owner and de-
signer have already determined from the outset that 
the building is going to be a certain size and that it will 
be made of concrete and steel with glass walls—way 
before schematic design starts. These predetermined 
assumptions are given to the structural engineer, who 
begins to establish sizing for bay widths, columns and 
beams, and fl oor decks and roofs, while the architect 
begins to consider a number of exterior wall assem-
blies options. All of these assemblies represent a lot of 
material, whose impacts can be analyzed using an LCA 
tool. But optimizing the size of structural bays to use 
the least amount of material is almost never consid-
ered. Further, looking for ways to size and confi gure 
the fl oor plate so that such optimal sizes of bays, col-
umns, and beams can be achieved is another missed 
opportunity. Such analyses can then be followed by 
also analyzing the impacts of different materials op-
tions for these optimized beams. Such comprehensive 
holistic thinking can have a signifi cant effect on the 
overall impact of the materials.

On a recent project, we used the Athena model to 
engage such a comprehensive analysis for optimizing 

building confi guration and structural components. 
We did this by running a number of iterations of dif-
ferent building shapes in order to see which structural 
layout would have the lowest environmental impact 
by using the least amount of material. The basic build-
ing was intended to be a rectangle of about 100,000 
square feet. Figure 6-16 shows the modeled emissions 
associated with the original design, prior to optimiz-
ing sizing for bays, columns, and beams. The columns 
and beams, represented by the darkest bar segments 
(with the white square), refl ect a signifi cant opportu-
nity to lower these emissions. Obviously, the founda-
tion (the lightest bar segments, with the white circle) 

Figure 6-16 In this graph from the Athena model, we see the life cycle 
“emissions to air” of the base design for a recent project. It depicts which 
assembly groups contribute the most to various emissions types. The 
impacts associated with beams and columns are signifi cant, so we used 
the model to evaluate optimized sizing. Foundation impacts are the larg-
est; these are addressed later (see discussion regarding Figures 6-43 and 
6-44). Image courtesy of the Athena Institute.
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represents the greatest opportunity to optimize the 
building shape and its structural components. We will 
discuss the results of this analysis later, in the “Materi-
als” section of Stage B.2.1.

Figure 6-17 depicts what happened after several 
iterations aimed at optimized bay sizing. This graph 
shows the relative impacts by assembly type, compar-

ing the original design to the optimized bays, columns, 
and beams iteration in terms of global warming po-
tential. The improvement was made possible by slight-
ly elongating the structure and aligning interior wall 
components with altered bays. Figure 6-18 compares 
impact reductions across a number of environmental 
indicators that resulted from this exercise. 

Figure 6-18  The Ath-
ena life-cycle assessment 
model indicates sizable 
overall impact reductions 
across several indica-
tors that resulted from a 
simple exercise aimed at 
optimizing the size of bays, 
columns, and beams only. 
This represents only one 
step in a series of analyses 
aimed at reducing overall 
impacts. Image courtesy of 
the Athena Institute.

Figure 6-17 This Athena 
graph compares the global 
warming potential (measured 
in equivalent metric tons of 
carbon dioxide) of the original 
design with the reduced 
impacts resulting from 
optimized sizing of bays, col-
umns, and beams only. Foun-
dation impacts are addressed 
in a second step. (Figure 
6-43 indicates a reduction 
in the foundation’s global 
warming potential, resulting 
from fl y ash displacement of 
portland cement in foundation 
concrete.) Image courtesy of 
the Athena Institute.
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Energy-Modeling Tools and Cost Benefits

Our energy modeling analysis on numerous projects 
over the years has shown us that BIG savings cost less 
than small savings. What does this mean?

As discussed in Chapter 2, the Rocky Mountain In-
stitute refers to this concept as “tunneling through the 
cost barrier.” Quite often, examining the full impacts of 
many energy-saving strategies more comprehensively 
across numerous systems can reduce the project’s ini-
tial cost, while at the same time generating very high 
levels of cost benefi ts in terms of energy savings. This 
integrative concept has been discussed already with a 
number of examples, but it bears revisiting.

The story above about the Neptune Midtown 
Community Elementary School illustrates this quite 
well. This story demonstrates that achieving high lev-
els of energy performance—big savings—requires that 
more comprehensive fi nancial analysis be engaged 
in parallel with parametric energy modeling. The 
small savings—also known as incremental effi ciency 
improvements—result from using fi nancial analysis 
tools unrelated to the reality of the building’s design 
as a whole—by looking at line item costs associated 
with energy-effi ciency measures such as specifying 
more energy-effi cient HVAC equipment.

The traditional method for analyzing a project’s 
energy saving opportunities utilizes a “simple-payback” 
or perhaps a “return-on-investment” approach. This 
method provides a reasonable metric in certain situa-
tions where a given strategy’s interactions with other 
building systems are minimal or where only one system 
is undergoing change. For example, a single energy-
saving strategy for retrofi tting an existing facility, such 
as replacing lighting fi xtures, is typically analyzed in 
this way. However, this methodology does not provide 
a reasonable metric in most new construction projects 
or in facilities undergoing more comprehensive sys-
tem retrofi ts or replacements. The results of such an 
analysis are simply incomplete.

A simple payback analysis tends to model energy-
saving strategies (or energy-effi ciency measures) as 
isolated opportunities. Such analysis typically does not 
examine the interactive nature of combining many in-
dividual energy-saving strategies. In a new construction 
project, a whole series of decisions are being made as 
the various building systems (envelope, lighting, HVAC, 
etc.) are developed. Using simple payback requires that 
all other variables remain fi xed while an individual 
strategy—or fragment—is modeled in isolation.

Suppose additional roof insulation is being con-
sidered; the typical approach would be to determine 
the added cost for the insulation and then use an en-
ergy model to determine the resultant annual energy 
savings. Cost divided by annual savings equals simple 
payback. As one adds more insulation, energy savings 
incrementally decrease. This is referred to as the law 
of diminishing returns. When only one such item is 
examined, this law applies; but the reality of building 
projects is that project teams are not considering just 
one item in isolation. The amount of roof insulation 
also will affect other building systems, such as the size 
of the HVAC equipment or the height of the parapet, 
for example. Examining roof insulation as a strategy 
in isolation does not provide enough information—
or even the right information—needed to make a fully 
informed decision, since such limited analysis does 
not examine the full fi nancial effect.

Further, when modeling a series of energy-saving 
strategies individually, the energy-use reductions re-
sulting from each measure cannot simply be added to-
gether. Just as an energy model is needed to analyze a 
series of interactive strategies to accurately determine 
energy savings, integrative cost bundling is necessary 
to fully analyze the associated fi nancial implications. 
Many energy-saving strategies, particularly when com-
bined with others, can have a signifi cant effect on the 
size of the HVAC system, as the Neptune Elementary 
School example from Figures 6-4 to 6-7 demonstrates. 
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A downsized, smaller HVAC system costs less to pur-
chase. The savings resulting from this smaller HVAC 
system can be used to pay for the energy-saving strate-
gies that allowed for the smaller HVAC system in the 
fi rst place. We often have been able to garner enough 
savings from such systems downsizing (or elimina-
tion) to pay the full cost of all of a project’s energy-
savings strategies. Consequently, signifi cant energy 
savings and reduced operations costs can be achieved, 
while also neutralizing overall fi rst-cost impacts.

Achieving signifi cant energy savings and reduced 
fi rst costs requires a new way of thinking about how 
one analyzes energy-saving measures and fi nancial 
return. Simple payback for a single EEM becomes a 
small portion of the analysis, not the sole metric by 
which decisions are made. By “tunneling through the 
cost barrier” and treating the law of diminishing re-
turns as a situational condition, project teams often 
can justify big-cost benefi ts in terms of energy savings 
with little or no additional fi rst-cost expenditure.

Revisiting Nested Subsystems

As we proceed into schematic design, we want to con-
tinually examine each of the four key subsystems (i.e., 
habitat, both human and other biotic systems; water; 
energy; and materials) with more and more detailed 
analysis, but we need to remember that the essential 

aspect of integrative design is realizing that these sub-
systems interrelate. We must constantly seek to discov-
er the connections between them by understanding 
them as nested subsystems (as discussed in Chapter 
4; also, see the holons discussion and sidebar in Stage 
B.1.1). This requires that project teams continually 
attempt to link the cascading and stacked benefi ts of 
these systems in order to achieve more elegance in 
the solution, both in terms of cost and environmental 
benefi ts. Nature works this way too—the more closely 
aligned we become with the way life works (living sys-
tems) in the place we are building, the more likely the 
design choices we make will nest with each other in 
mutually supportive ways.

There are many different primary entry points 
into these nested subsystems. For example, the more 
local materials we use, the less total energy is required 
to construct the building and the more appropriate 
the building’s character will be to its place, like the Sie-
na Duomo; the more indigenous the plants are to the 
place, the less water will be needed for irrigation and 
the more appropriate these plants will be to support-
ing diverse life in that place, in turn creating a healthy 
habitat that can treat and hold water without the need 
for technological treatment and conveyance solutions. 
In schematic design, then, we are searching to more 
completely link these living systems.
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PART B—DESIGN AND CONSTRUCTION

Stage B.1
Workshop No. 3: Schematic Design Kickoff—Bringing It All Together (without 
committing to building form)

B.1.1  Workshop No. 3 Activities
� Present sketch concepts, supporting data, and discoveries from Stage A.5 Research and Analysis
� Develop site and building confi guration sketch solutions by evaluating fl ows and exploring interrelation-

ships between the four key subsystems:

� Habitat
� Water
� Energy
� Materials

� Assess the realistic potential for achieving Performance Targets and review commitment to Touchstones 
and Principles

� Identify the systems that require more extensive cost bundling analysis, including life cycle cost impacts
� Provide time for refl ection and feedback from client and team members
� Commissioning: Identify where the OPR and BOD will need refi nement based upon new discoveries

B.1.2  Principles and Measurement
� Document adjustments to Performance Targets to refl ect input from Workshop No. 3
� Commissioning: Adjust OPR and BOD to refl ect input from Workshop No. 3

B.1.3  Cost Analysis
� Update any required integrative cost bundling templates to refl ect input from Workshop No. 3

B.1.4  Schedule and Next Steps
� Refi ne and extend forward the Integrative Process Road Map tasks and schedule into future phases to 

refl ect input from Workshop No. 3
� Distribute Workshop No. 3 report

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVo OVV

pancy,Part C – Occup
and Operations, 

eedbackPerformance Fe

Figure 6-19 Integrative 
Process Stage B.1, Workshop 
No. 3: Schematic Design Kickoff. 
Image courtesy of 7group and 
Bill Reed; graphics by Corey 
Johnston.
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Stage B.1

WORKSHOP No. 3: Schematic Design 
Kickoff—Bringing it All Together (without 
committing to building form)

At this point, team members have analyzed major sub-
systems, including options for the building’s architec-
tural form and massing, but we have yet to put these 
pieces together in a whole building design. Neverthe-
less, we still need to restrain ourselves from locking 
into what the building looks like too soon. If we focus 
too quickly on the architectural form and/or aesthetic, 
we tend to pessimize performance and downgrade the 
whole. In other words, this stage begins by ensuring 
that we have refi ned each of the major subsystems to a 
relatively high degree via reasonably thorough analyses 
before giving fi nal form to the building.

During Workshop No. 2 (Stage A.4) we looked at how 
these systems might interact with each other conceptu-
ally. We then tested these conceptual ideas and systems 
performance during the Research and Analysis of Stage 
A.5; now, during Schematic Design stages, it is time to 
put these systems together in greater detail to see how 
they will support each other and, most importantly, to 
discover how the design evolves from integrating these 
various pieces. We can, then, iterate these systems in 
relationship and mutual support of one another, thereby 
allowing this process to inform the building’s architec-
tural form and solution. At the same time, we are con-
tinuing to look at these systems and their components 
in continually fi ner detail and progressive approximation 
with a fi ner grain of analysis. This Schematic Design ef-
fort is kicked off in Workshop No. 3.

Similar to Workshop No. 2, the Implementation Out-
line above can be used as a template for creating an 
agenda for Workshop No. 3; but, again, the agenda for 
this session needs to remain fl uid and fl exible during the 
workshop, as the team makes new discoveries. It also 
should be noted, again, that this workshop can occur 
as an all-day event on a single day, or it can be struc-
tured to last as long as three or four days, depending 

upon project complexity and the team’s goals. Lastly, 
the builder’s participation becomes even more valuable 
at this workshop and should be encouraged (if at all 
possible), so that the project’s construction profession-
als can be included as codesigners.

B.1.1  Workshop No. 3 Activities

� Present sketch concepts, supporting data, 
and discoveries from Stage A.5 Research and 
Analysis

This workshop can begin by presenting discoveries 
and analysis of the leading options for solutions re-
garding each of the four key subsystems, followed 
by exercises aimed at mapping out the relationships 
between them in detail—but without committing yet to 
what the building looks like. To begin, then, each team 
member presents the results of their Stage A.5 Re-
search and Analysis to the team in the form of sketch 
concepts and supporting data in order to iterate ideas 
and to look for synchronicity between systems.

On a recent project seeking LEED Platinum certifi -
cation and pursuing the Living Building Challenge, 
team members brought the following documents to 
this workshop:

� Refi ned conceptual building footprint and phas-
ing diagram options

� Refi ned program data
� Site analysis of vehicular fl ows, parking options, 

utility connections, water fl ows, soils data, key 
habitat and restoration zones diagrams, list of 
potential native plant species, site-program ele-
ments, and phasing

� Location and sizing options for infi ltration and 
constructed wetlands resulting from analysis of 
demand, supply, and topography

� Initial water balance analysis targeting net-zero-
water use, including: calculations of water de-
mand, wastewater generation, water availability 
from the projected roof and site areas
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� Potential for renewable energy supply—optional 
sources and initial loads to determine require-
ments for achieving net-zero energy

� Building massing option sketches with alterna-
tives for fenestration patterns and window-to-wall 
percentages

� Simple box energy model comparisons of the 
above options, along with an initial list of poten-
tial EEM options

� Rough sketches of initial daylighting strategies 
with optional confi gurations

� Initial LCA of core and shell materials options, along 
with associated carbon footprint calculations

� List of potential salvaged materials from the ex-
isting on-site building scheduled for demolition

� Initial draft of the BOD for Commissioning
� Cost bundling analysis for various combinations 

of EEMs
� Updated LEED assessment

During the presentation of each key subsystem’s 
Stage A.5 fi ndings, a facilitated discussion looks 
at fl ows and interrelationships between the sub-

systems and their components. The whole group 
then assesses and identifi es how the systems are 
interrelated and how they can mutually support one 
another—not only in direct relationship but in vari-
ous combinations and nestings of subsystems and 
components—as holons in holarchy, from the Greek 
holos, meaning “whole” (see Holons sidebar and 
Figure 6-20). The workshop facilitator records these 
results for use in the breakout work sessions and for 
referencing during future stages.

� Develop site and building confi guration sketch 
solutions by evaluating fl ows and exploring inter-
relationships between the four key subsystems

Now it is time to start making some decisions 
about the four key subsystems and their inter-
relationships. We often have found it effective to 
break into at least two small design team groups 
of four to five team members with expertise for 
each subsystem evenly distributed to each group. 
These small groups “roll up their sleeves” and 
start sketching schematic solutions that address 
all of the following subsystem issues in a single 

CellCell

Organ

Organ System
Body

World

Nation
Community

Family

Person

Figure 6-20 “All living systems are ar-
ranged as holarchies. That’s Arthur Koestler’s 
elegant word for the embeddedness and 
interdependence of natural entities, which 
he calls holons. Holarchy is nestedness, 
distinguishing it from pyramidal hierarchy 
(which implies superiority at the top and 
is the metaphor for command-and-control 
systems). You, as a body, are this kind of 
holarchy (depicted in this diagram)—cells 
within organs within organ systems within 
bodies.” The key subsystems are simi-
larly nested within larger systems. Image 
and caption content courtesy of Elisabet 
Sahtouris, from her book Earthdance: Living 
Systems in Evolution (Ingram, NY: iUnivers.
com, 2000), http://www.sahtouris.com.
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scheme. In other words, these breakout groups 
not only refine the interrelationships of compo-
nents within each subsystem, but they also are 
challenged to explore potential synergies be-
tween subsystems—as holons. Depending on 

the size and complexity of the project, this can 
occur with one or many design team groups look-
ing at all four key subsystems; for larger projects 
with many stakeholders present, several groups 
may be optimal.

Holons*

A holon is a system (or phenomenon) that is a whole 
in itself as well as a part of a larger system. It can 
be conceived as systems nested within each other. 
Every system can be considered a holon, from a 
subatomic particle to the universe as a whole. On 
a nonphysical level, words, ideas, sounds, emo-
tions—everything that can be identifi ed—is simul-
taneously part of something and can be viewed as 
having parts of its own…

Since a holon is embedded in larger wholes, it is in-
fl uenced by and infl uences these larger wholes. And 
since a holon also contains subsystems, or parts, it 
is similarly infl uenced by and infl uences these parts. 
Information fl ows bidirectionally between smaller and 
larger systems as well as by rhizomatic contagion. 
When this bidirectionality of information fl ow and 
understanding of role is compromised, for whatever 
reason, the system begins to break down: wholes no 
longer recognize their dependence on their subsid-
iary parts, and parts no longer recognize the organiz-
ing authority of the wholes. Cancer may be under-
stood as such a breakdown in the biological realm.

A hierarchy of holons is called a holarchy. The hol-
archic model can be seen as an attempt to modify 
and modernize perceptions of natural hierarchy.

In the terminology of Arthur Koestler, holarchy is a 
hierarchy of self-regulating holons—where a holon 
is both a part and a whole. The term [holon] was 

coined in Koestler’s 1967 book The Ghost in the Ma-
chine. The term is also used extensively by Ameri-
can philosopher and writer Ken Wilber.

Ken Wilber comments that the test of holon hier-
archy (e.g., holarchy) is that if a type of holon is 
removed from existence, then all other holons of 
which it formed a part must necessarily cease to 
exist too. Thus an atom is of a lower standing in the 
hierarchy than a molecule, because if you removed 
all molecules, atoms could still exist, whereas if you 
removed all atoms, molecules, in a strict sense, 
would cease to exist. Wilber’s concept is known as 
the doctrine of the fundamental and the signifi cant. 
A hydrogen atom is more fundamental than an ant, 
but an ant is more signifi cant.

The “nested” nature of holons, where one holon can 
be considered as part of another, is similar to the 
term Panarchy as used by Adaptive Management 
theorists Lance Gunderson and C. S. Holling.

The universe as a whole is an example of a holar-
chy, or holarchical system, and every other holarchy 
we are aware of is a part of this larger holarchy.

*References

“Living Systems, the Internet and the Human Future,” Elisabet 
Sahtouris, PhD, talk presented May 13, 2000, at Planetwork, 
Global Ecology, and Information Technology, a conference held 
at the San Francisco Presidio. Notes developed by Carol San-
ford of Interoctave, Inc., Seattle, Washington.
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� Habitat (biotic systems other than human)

• Discuss the specifi c roles of habitat in relation 
to thermal control (wind and shading), water 
quality, rainwater management, connectivity to 
larger nested systems such as nearby streams, 
habitat corridors within the larger watershed, 
opportunities for microclimates around each 
side of the building to shelter and support vari-
ous plants and other species, etc.

• Example: Let’s revisit the project in Idaho 
near the Teton River that was discussed near 
the end of Chapter 3 in a bit more detail. You 
may recall that the developer asked us to 
help his team gain an understanding of the 
interrelationships between habitat and his 
development. This required a deeper way of 
thinking about habitat than simply preserving 
agricultural land or planting native species, 
so this issue was discussed extensively at 
the workshop.

  The land in question was to be developed 
with approximately 1,000 homes on 3,200 acres 
of farmland. On the surface, this sounds like a 
bad idea from an environmental perspective. 
However, by looking at the larger systems of 
farm economics and how the farms had inter-
rupted and eliminated the streams and habitat 
corridors that connected the mountains and 
the river, it became apparent that the farms 
were the original problem as discussed earlier; 
their presence eliminated natural water fl ows, 
fi sh-spawning streams, related soil replenish-
ment, and habitat corridors for beaver, smaller 
animals, and megafauna. The farms were origi-
nally subsistence farms that could no longer 
support commodity crops in the short growing 
season—the farmers were bankrupt. There was 
no one offering to pay the farmers for their land 
except for the large-scale developer.

  The original scheme assumed selling the 
land and building a home on every twenty 
acres; but this would have meant a continua-
tion of the disconnection between the moun-
tains and the stream, as we have seen. The 
opportunity that emerged, then, was driven by 
investigating the possibility of using the entire 
development as a means for developing new 
potential for this land in partnership with hu-
man habitation. The resulting scheme elimi-
nates the farm irrigation (thus reducing water 
use by 75 percent—irrigation uses a tremen-
dous amount of water), diverts rainwater to 
the old stream beds (still visible beneath the 
fi elds—see Figure 3-13), redistributes treated 
wastewater, and requires native plantings 
without fences to interrupt habitat fl ow.

  As a result, it is anticipated that the human 
development can bring back the living con-
nections between the mountains and the riv-
er, thereby reestablishing the diversity of life; 
this would not have occurred had the devel-
oper followed overly generalized checklists 
of average-practice environmental criteria. 
The larger holon of the watershed informed 
the design’s fundamental approach. With this 
core principle in place, the design and devel-
opment team had a basic principle to gov-
ern integrated decision-making. Again, the 
resulting project potentially utilizes develop-
ment to improve the ecosystem, thus bring-
ing forth new potential—the true defi nition of 
development.

� Habitat (human)

• Identify and determine where daylighting 
is important (habitable spaces should be a 
priority in terms of available window budget) 
and which design strategies analyzed dur-
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ing Stage A.5 need to be pursued to day-
light these spaces, including: window sizing 
and location, room-cavity ratio, distance to 
glazing, orientation, bilateral capability (day-
lighting from two opposite sides of a given 
space), etc. As a reminder, these consid-
erations need to be addressed specifi cally 
in the DNA of the schematic design and 
should be a basic, driving principle from the 
outset. They cannot be added as a superim-
posed layer on top of a preconceived design 
solution.

• Refi ne thermal comfort parameters and the de-
sired level of individual control (extent and loca-
tions of operable windows, underfl oor air, etc.).

• Refi ne ventilation parameters (natural vs. me-
chanical, desired volumes of outside air rela-
tive to functions, temperature settings, impacts 
on thermal comfort parameters, etc.).

• Determine parameters for pollutant source 
control issues—e.g., toxicant levels in ma-
terials, means for pollutant source isolation, 
housekeeping products, etc.

• Identify benefi ts and opportunities to pursue 
for the site, the building, and its occupants to 
support and be supported by the communi-
ty—how can this project be in a more inter-
active and mutually benefi cial relationship? 
In other words, how will the building occu-
pants be inspired to understand—and better 
yet, care for—the water cycle, natural habitat, 
edible plants, fruit trees, perhaps polyphase 
agriculture, stream corridors that support a 
diversity of life, and community-gathering 
places?

• Example: Daylighting
 As discussed in Stage A.5.1, good daylight-

ing design is both quantitative and qualitative. 
There are basic strategies for introducing day-

light into a space—sidelighting, toplighting, 
and optimally a bilateral condition, which may 
include a combination of strategies. Options 
for such strategies should be examined at the 
workshop. (A Daylighting Design Tips pdf fi le 
can be downloaded from the Resources tab on 
7group’s website at www.sevengroup.com.)

  Sidelighting is the strategy of bringing 
daylight in through the vertical surfaces of 
a space. The rule of thumb is that effective 
daylight penetration equates to about one-
and-a-half times the window head height; 
with the use of a light shelf (see Figures 6-21 
and 6-22), this penetration can increase up 
to two-and-a-half times the window height. 
An initial starting point for adequate daylight-
ing in schematic design is to target approxi-
mately 15 percent as a glazing-to-fl oor area 
ratio for spaces on the south and about 20 
percent for those on the north, if sidelighting 
is being used from a single orientation.

  Toplighting includes several strategies 
for bringing in daylight through the roof. 
The most effective means of toplighting is 
through the use of clerestories or roof moni-
tors (see Figures 6-23 and 6-24). The use of 
skylights requires a special balance between 
lighting needs and the reduction of solar heat 
gain. An initial design starting point in sche-
matic design is to target approximately 7 to 
10 percent as a glazing-to-fl oor area ratio for 
toplighting. Clerestories can represent either 
a sidelighting or toplighting strategy, and 
they can be used individually or in a series of 
sawtooths. Clerestories function best if they 
face either north or south; if facing south, 
baffl es or diffuse glazing might be needed to 
eliminate direct solar gain and glare.
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Figure 6-21 Interior light shelves refl ect daylight that enters 
through the upper section of window glass deeper into the space. 
This portion of glass above the light shelf is selected for its 
daylighting properties and has a higher visible light transmittance 
than the vision glazing below. Image courtesy of Todd Reed.

Figure 6-22 Exterior light shelves shade the lower vision glass from high-altitude 
direct solar penetration in the summer, while bouncing daylight through the upper 
daylighting glass deeper into the space. Image courtesy of Todd Reed.

Figure 6-24 The north-facing clerestory windows at the DEP Cambria, Pennsylvania, project 
provide bilateral daylighting to create balanced lighting-level distributions in this open offi ce space; 
punched openings on the opposite lower wall (not depicted) introduce daylight into the same space 
from the south. Image ©2000 Jim Shafer.

Figure 6-23 These clerestory windows at the 
AMBS project provide effective toplight daylighting 
for producing even illumination within the library 
space. Image courtesy of Marcus Sheffer.
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  Roof monitors are a form of toplighting that al-
low daylight to enter from multiple directions. On 
a small scale, this strategy can be an effective 
alternative to skylights. At a larger scale, moni-
tors can be used to effectively illuminate high-
volume spaces, as depicted in Figure 6-25.

  Bilateral daylighting consists of a combi-
nation of both sidelighting and toplighting or 
of sidelighting from more than one side of a 
space, usually from the north and south (see 
Figure 6-26). Bilateral daylighting provides the 
highest quality daylighting conditions, since it 
balances the lighting-level distributions in the 
space. This strategy also reduces the glare 
and high contrast ratios that can result from 
sidelighting alone.

5 Figure 6-26 An example of bilateral daylighting at the 
Willow School. These two images depict two opposite sides 
of the same space: one looking north and the other looking 
south. Image courtesy of Todd Reed.

4 Figure 6-25 These clerestory roof monitors bring copious daylight 
into the main map room of the DEP Cambria project from all four directions, 
allowing for the photocell sensor (center) to fully dim the lighting fi xtures 
during most daylight hours. This toplighting strategy is often used to illumi-
nate common areas such as lobbies. Image courtesy of John Boecker.
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� Water

• Evaluate integrative solutions for water con-
servation, water quality, and water balance 
strategies. Again, the goal here is to use water 
for multiple purposes as it moves through the 
building and the site—a cascading of uses, as 
described in the example below.

• Identify the natural and technical systems and 
components that can address these issues 
(it is more than just reducing plumbing fi xture 
fl ow-and-fl ush rates).

• Example: You may recall from Chapter 4 that 
the civil engineer for the Willow School was 
very frustrated. We kept telling him at the work-
shop that his design was too technical, rely-
ing on technologies and built infrastructure to 
solve the problem; instead, we were trying to 
work with the topography and let the water 
fl ow to areas of habitat where it could serve the 
purpose of supporting new life. In frustration, 
we fi nally gave him a straightforward strategy: 
“Keep it simple: no curbs, no catch basins, no 
culverts.” He came back a week later with an 
apology and an excellent design. He said he 
pretty much tried what we asked him to do, but 
he was not entirely successful:

 I had to add a few culverts. I tried to use as 
many vegetated swales as possible, but then 
I came to this large tree and realized I’d be 
cutting the roots with the swale, so I sent the 
water to the other side of the road with a pipe. 
Then there was the curve in the driveway, and 
the water sheeting over it in the winter might 
freeze and create a driving hazard, so I had to 
pipe it under the road as well.

 We were very impressed; he fully got the idea 
and used technical solutions only where it was 
needed, not as a rule. The rainwater design 

worked beautifully, habitat was encouraged 

and fed, and the site infrastructure costs were 

reduced by 50 percent.

� Energy

• Review the results of the initial energy model-

ing parametric runs from Stage A.5.1. Discuss 

the modeling inputs to be sure that the project 

team is in alignment with them.

• Narrow the range of possibilities related to 

general building massing, orientation, and 

rough percentage of glazing openings.

• Establish thermal envelope initial parameters 

and identify additional options for parametric 

modeling.

• Identify potential additional systems that need 

to be modeled, such as ground-source heat 

pumps, solar thermal, etc.

• Identify a list of energy-effi ciency measures 

(EEMs) or energy-conservation measures 

(ECMs) to investigate, model, and determine 

Figure 6-27 This rain garden captures and infi ltrates the rainwater 
runoff from the adjacent paved surfaces via slotted gutters. Image © 2008 
Conservation Design Forum, Elmhurst, IL, http://www.cdfinc.com.
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initial cost implications for further cost-bundling 
analyses.

• Discuss operations:
• Decide on comfort ranges and adaptive 

thermal comfort parameters.
• Assess level of automation vs. active partici-

pation in operations.
• Evaluate the level of sophistication of main-

tenance and operations staff in relation to 
the desired complexity of controls systems. 
An overly complex building management 
system (BMS) is useless if staff cannot oper-
ate or understand it. (How many times have 
you seen control systems components dis-
abled during the fi rst year of occupancy?)

• Begin to identify actual occupancy sched-
ules—these can have a huge impact on 
modeled-energy consumption. Discuss 
options for occupancy periods and equip-

ment schedules, and examine daily and/or 
seasonal fl uctuations in occupancy where 
applicable (e.g., schools, resorts, alternative 
work shifts, after-hour activities, shared oc-
cupancies, etc.)

• Establish criteria for determining Service Life of 
mechanical systems (see Figure 6-28).

• Revisit all energy-related performance param-
eters to ensure that the project design is in 
alignment with the options to be analyzed in 
the next stage.

• Discuss potential local incentives, rebates, 
grants, and other funding sources related to 
energy effi ciency.

• Example: An architectural fi rm hired us to coach 
their green design and construction process for 
a large call-center project in Florida. At the fi rst 
workshop, we were surprised to fi nd that the 
design team was already committed to a build-

Figure 6-28 This ASHRAE 
Table identifying the Service 
Life of various types of 
mechanical equipment can 
assist teams in Life Cycle Cost 
Analysis evaluations. Image 
courtesy of ASHRAE Standard 
55-2004. © American Society 
of Heating, Refrigerating and 
Air-Conditioning Engineers, 
Inc., http://www.ashrae.org.



230 S C H E M A T I C  D E S I G N

ing form that included a 300-foot long, 20-foot 
high wall of glass that looked onto some adja-
cent woods—a form that was meant to provide 
views that could support the well-being of the 
building’s occupants. Unfortunately, the wall of 
glass faced east. In Florida, this is not a good 
approach in terms of energy and daylighting 
due to the cooling demand resulting from this 
solar orientation. We suggested that the design 
should be reconsidered if the team was really 
interested in meeting their goals for energy effi -
ciency (and achieving their desired LEED Gold 
certifi cation). Apparently, we mentioned the 
need to reconsider the building orientation fi ve 
times during the workshop, because they told 
us this the next day: “We are very disappointed 
in your performance…perhaps you aren’t the 
best fi rm for the job, since you’re questioning 
the architect’s design.” We apologized for giv-
ing offense, and the project moved forward as 
originally designed.

 At the beginning of design development, the 
energy modeler presented his near-fi nal analy-
sis, indicating barely two LEED points for en-
ergy (a 14 percent energy cost reduction). We 
got a call from the same project manager tell-
ing us how disappointed they were with our 
ability to give them an energy-effi cient build-
ing. We thought they were joking. It became 
clear that throughout the design process, the 
team was not able to connect the idea that the 
building form had that big an effect on energy; 
despite our attempting, admittedly obliquely, 
to help them understand that all the other tech-
niques being employed could not make up 
for their desire to have an unobstructed east-
facing view with clear glazing that had a high 
solar heat gain coeffi cient (SHGC). We made 
this point again, but a bit more clearly—now 
supported by energy modeling results. After 
further discussion, they fi nally understood, and 
to their credit, they addressed the problem with 

Figure 6-29 Breakout groups are an effective 
means of getting into a signifi cantly greater level 
of detail with a smaller group at a team workshop. 
In this case, the breakout group is discussing 
potential energy strategies. Image courtesy of 
Marcus Sheffer.
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a variety of techniques that still allowed the 
view—among them, using a higher-performing 
window wall, shading elements, and trees.

� Materials

• Establish structural system materials options 
and parameters based upon Stage A.5 analy-
sis, such as steel vs. concrete, structural bay 
sizing, etc.

• Establish building Service Life criteria for archi-
tectural and structural systems.

• Prioritize environmental indicators for inform-
ing LCA-based materials decisions and selec-
tions, such as human toxicant limits and pro-
hibitions, embodied-energy targets, carbon 
footprint budget, etc.

• Example: At this workshop, when breakout 
groups focus on materials, they are present-
ed with some unique challenges. Determin-
ing the level of thinking that team members 
bring to this session requires education as 
well as good listening skills on the part of 
the group leader or facilitator. The team may 
not be completely on board with the objec-
tives of the charrette, or they may be overly 
enthusiastic about materials-specifi c issues. 
The goal should be to ensure that everyone 
understands and discusses viable options for 
structure and envelope decisions and is fully 
aware of the implications.

  For example, on a recent project, we saw 
from early energy models that a steel-stud 
exterior wall with six inches of insulation and 
a thermal break had the same energy perfor-
mance as an insulated concrete form (ICF) 
wall. However, from viewing our infrared pho-
tos of actual construction sites, we have seen 
that the steel-stud option is associated with a 
higher incidence of human error during con-

struction, opening the possibility for the cre-
ation of numerous small holes, gaps, and ther-
mal bridges that can add up to a signifi cant 
difference in overall performance. This cannot 
be accounted for in any of the models, so it is 
all the more important that the builder be en-
gaged in this discussion.

  Also, if the group can have such a discus-
sion, then the team can examine a variety of 
envelope options by analyzing Athena mod-
els in parallel with energy models to see what 
the comparative environmental impacts of 
these options may be from an LCA perspec-
tive. If the LCA modeler cannot perform the 
work at the workshop, the team can review a 
variety of options as a group and then analyze 
modeled results at a follow-up interim meet-
ing (see “Interim Meetings” in Stage B.2). If 
LCA-based modeled options can be reviewed 
at the workshop, the team can look together 
for ways to lower overall impacts by compar-
ing proposed options for assembly types.

  In the case of the above-referenced proj-
ect, we began by modeling a steel-stud ex-
terior wall with brick cladding and comparing 
that to ICFs. The ICF option had an overall 
greater LCA impact, but it eliminated the pos-
sible construction fl aws due to the monolithic 
nature of this envelope system. The team 
then sought ways to lower the overall im-
pact of the exterior wall assembly by viewing 
other cladding options. The breakout group 
took the ideas back to the larger team, and it 
was determined at the workshop that several 
other options should be modeled from an LCA 
standpoint and reviewed at an interim team 
meeting focused on integrating envelope 
issues (more about this in Stage B.2.1).
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� Assess the realistic potential for achieving Per-
formance Targets and review commitment to 
Touchstones and Principles

� Similar to Workshop No. 2, a representative from 
each breakout group presents the ideas that 
emerged from their working session to solicit from 
the large group their thoughts or refl ections. Once 
all breakout groups present, the large group once 
again can engage a green hat, red hat exercise 
and record “what to keep” and “what to avoid.” 
This can occur for as many rounds as time allows, 
depending upon the duration of this workshop. 
For single-day workshops, at least two rounds of 
such presentations are preferable, so that break-
out groups are able to incorporate emerging pri-
orities and integrative ideas from the fi rst round 
into their second round of explorations.

� The resulting outcome from this workshop usu-
ally takes the form of site and building sketches; 
but, of course, these results can vary consider-
ably depending upon project complexities. The 
targeted goal should be to have the team hone 
in on a limited number of overall design solutions 
that integrate all four subsystems.

� The group evaluates potential solutions devel-
oped by the breakout groups in terms of align-
ment with the project’s initial targeted perfor-
mance objectives and principles.

� The group reviews the status of the project rela-
tive to its green building assessment tool goals; 
for example, evaluating strategies relative to the 
project’s LEED goals and the requirements of 
pursued credits.

� Evaluate the potential for achieving the targeted 
levels of performance—the group should focus 
on realistic yet aggressive-as-possible objec-
tives, since the scheme is gradually getting more 
real.

� Ask: Are the metrics and benchmarks still appro-
priate? If not, adjust them.

� Identify the systems that require more extensive 
cost bundling analysis, including life cycle cost 
impacts

� Identify major sets of systems and components 
that need to be analyzed as related bundles of 
costs and refi ne with team, as necessary.

� For example, let’s return to the Willow School’s 
creation of a constructed waste–treatment wet-
land that initially was considered to be too costly. 
The treatment wetland in this case consisted of 
a primary treatment tank and a leeching fi eld—
just like a septic system. However, a wetland and 
sand fi lter are installed between the tank and the 
fi eld to add a much higher level of treatment. Of 
course, everyone thought that these so-called 
extra components would add cost—except that 
in this location in New Jersey, where an eight-
foot layer of relatively impermeable clay typically 
needs to be excavated to install the leech lines for 
a conventional septic drainage fi eld. With a wet-
land fi ltering the septic tank effl uent before it goes 
into the fi eld (called a dosing fi eld, in this case), 
there are no solids going into the fi eld; therefore, 
the lines could be placed at only 14 inches below 
grade—saving signifi cant excavation costs and 
also eliminating the need for a reserve leeching 
fi eld, since the fi eld that is tied to the constructed 
wetland will never have to be abandoned due to 
oversaturation of solids. As discussed previous-
ly, a bundled cost estimate demonstrated that 
when the entire system design was considered, 
the constructed wetland treatment actually cost 
$30,000 less than the septic system.

  Further, we discovered that at eight feet be-
low grade, effl uent from typical septic systems 
leeches directly into the water table through frac-
tured sandstone, since there is no aerated soil 
layer to effectively treat the waste with microbes. 
So for less money, the school got a better sys-
tem that doesn’t clog, doesn’t pollute the water 
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table, doesn’t add any burden to the municipal 
treatment system, consumes less water, pro-
duces water than can be recycled back into the 
building, promotes habitat and biodiversity, and 
serves as an effective teaching tool for their stu-
dents and the community—and at a lower cost.

� Provide time for refl ection and feedback from 
client and team members

Once again, ask everyone to refl ect on what they are 
experiencing and learning at the workshop during 
logical break points or at major transitions, such as 
during lunch or coffee breaks—especially the own-
er’s team—and set aside time for them to convey 
their refl ections back to the group.

� Commissioning: Identify where the OPR and 
BOD will need refi nement based upon new 
discoveries

As analyses and solutions become more refi ned, 
the Owner’s Project Requirements (OPR) and the 
Basis of Design (BOD) need to be updated to re-
fl ect them. The team should review an outline of the 
BOD, agree on updates, and add to the BOD any re-
visions in outline form. Consequently, the Commis-
sioning Authority reminds everyone at the workshop 
to update the components of the OPR and BOD that 
relate to their systems.

As design elements are identifi ed and refi ned 
through this evolution and various iterations, there 
may be a need to expand the number of individuals 
serving as team members; there is good reason to 
believe that the process will be enhanced by such 
fresh eyes and ears. The Commissioning Authority, 
then, might look for opportunities from these newer 
team members to inject new thoughts into a pro-
cess that otherwise may be subject to a tendency 
for seeking “sameness,” even in new things.

B.1.2  Principles and Measurement

� Document adjustments to Performance Targets 
to refl ect input from Workshop No. 3

As Performance Targets are revised, based upon 
discussions and discoveries during the Workshop 
and throughout the process, adjustments to these 
Performance Targets need to be documented and 
distributed to the project team in the workshop re-
port. If the project is pursuing LEED certifi cation, this 
report should include a revised LEED scorecard that 
documents updates and revisions to the status of 
each credit being pursued, along with the current 
strategies under consideration for meeting targeted 
credit requirements.

� Commissioning: Adjust OPR and BOD to refl ect 
input from Workshop No. 3

The design team, with owner input, makes any revi-
sions to the OPR and publishes this revised docu-
ment to the project team. As noted above, the OPR 
is a dynamic document that evolves as a refl ection 
of the current status of the design.

The design team also needs to update the BOD, 
based upon both the OPR revisions described 
above and the discoveries and decisions reached 
at Workshop No. 3, and then distribute this revised 
document. Like the OPR, the BOD is a dynamic 
document that continuously evolves. It also needs 
to describe the story of why decisions have been 
made at various points in the process and what 
generated these decisions in order to inform work 
on future phases and to capture the evolution-
ary nature of how these technical thresholds and 
performance targets were determined, then met. 
In other words, the BOD answers: how does the 
building have to work as a whole to achieve these 
performance targets?

The important point here is that the sooner these key 
documents are developed, the more effectively they 
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can evolve with the project. As explained in Chapter 
5, they cannot and should not be static, in as much 
as the process of integrative design and construc-
tion is not static. However, even when the OPR and 
BOD are not created at the very beginning, they still 
can add value. An example of this comes from our 
experience on a recent project:

Following some successful LEED project commis-
sioning efforts for a major hospital organization, we 
were invited to commission their data backup facility, 
which was already under construction, but not pursu-
ing LEED certifi cation. At our initial interview, we en-
countered the information technology (IT) manager, 
who was serving as the “owner” for the project. It did 
not take long for us to affi rm what we had heard from 
other members of the design team, that this fellow 
was an IT wizard. He expressed an absolute need 
for guaranteed perfection, but his appreciation for 
building design and construction was limited. He wel-
comed and easily consumed his initial assignment 
for completing the OPR questionnaire for the “infra-
structure,” or building elements, of the project. He 
completed it within a day of distribution, leaving other 
team members simply to fall in behind his responses, 
since he had answered all of the questions about all 
of the systems for all the owner’s team members.

At the second meeting, we watched and listened as 
he continued to answer questions for everybody else 
on the team. He possessed a fair command of the 
project’s electrical necessities, but when it came to 
the HVAC elements, it was clear that he lacked thor-
ough knowledge of these systems, and was refl ecting 
what he had been told by trusted IT consultants. We 
fi nally were able to slow him down a bit with questions 
rooted in recent ASHRAE studies pertaining to the full 
set of loads, energy requirements, and effi ciencies—
impacts on HVAC systems related to IT systems. This 
gave the HVAC design team members a chance to 
join the discussion and add valuable input that was 

missing from the OPR questionnaire responses as-
sociated with specifi c HVAC system needs, which in 
turn impacted the content of the BOD signifi cantly.

With that accomplished, we then asked him privately 
if he had given much thought to what his needs were 
for data storage systems, particularly in the case of 
a power outage. He said he would get back to us, 
as he had to think about an answer. He had just 
learned the need for including other team members 
before responding, so a few days later, we were in-
vited to participate in a conference call with his IT 
consultants and in-house IT staff who previously had 
not been involved in any of the team effort. While on 
the call, he pointedly asked what steps we would 
be taking to commission his data-collection system, 
and he asked us to describe for his IT team the com-
missioning process as it related to the IT system. 
After a quick primer (likening commissioning to a 
“shakedown cruise,” using the nautical parlance—
where commissioning originated), we started to get 
some feedback from the rest of the participants but 
related only to elements of the building’s “infrastruc-
ture,” nothing about the IT system.

So, at that point, we realized that we needed to fo-
cus the discussion back onto the IT system require-
ments, so we asked: “How would you test your IT 
system’s ability to serve as the active data storage 
center in the case of a power outage without a real 
“lights-out” event to test it?” (This system served three 
major hospitals and a hundred satellite facilities.) The 
phone lines went silent; the owner said that he would 
get back to us. Within the hour, we received his call. 
“Thanks so much,” he started. “Up until this point I 
could not get my IT staff to buy into this concept of 
integrative design and commissioning for our facility.” 
Instead, he said: “We were all looking at the IT stuff 
as something that we would handle simply by setting 
standards for others to follow. When you hit us with the 
question about how will we test our system, it became 
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quite clear to everyone that we need to apply com-
missioning to all our systems—IT systems included, 
not just the building’s ‘infrastructure’ systems.”

It should be noted that one of the virtues of the OPR 
and the BOD is that these documents can be initi-
ated at any time in the process of design, construc-
tion, or occupancy, since the information gathered 
for these documents is always valuable—whenever 
it is obtained. But the earlier the OPR and BOD are 
addressed, the more valuable they can become for 
a project.

If started early, these documents have the added val-
ue of maintaining a historic record of the team’s deci-
sions and why they were made by documenting them 
in a dynamic series of updates. This dynamic nature 
also serves an evolutionary function; these docu-
ments can and should be tailored in such a way that 
initially they simply identify the project’s initial vision, 
but they then can be expanded in complexity and 
detail as subsequent visions and analyses develop. 
Again, these documents provide the entire team with 
a valuable record of not only what but why. In effect, 
these documents become the evolving story of the 
project that can inform all participants, regardless of 
whether they were on the team from day one or joined 
the team during operations.

B.1.3  Cost Analysis

� Update any required integrative cost bundling 
templates to refl ect input from Workshop No. 3

At this point, project teams probably will have this 
analyses pared down to only one or two, perhaps 

three, cost bundling templates or only one to three 
groupings of components. These are then refi ned 
as information is obtained in subsequent stages.

B.1.4  Schedule and Next Steps

� Refi ne and extend forward the Integrative Pro-
cess Road Map tasks and schedule into future 
phases to refl ect input from Workshop No. 3

Review next steps, adjust overall schedule, and set 
target dates for the tasks and meetings needed to 
accommodate the necessary communication and 
studies in subsequent Part B phases.

� Distribute Workshop No. 3 report

As indicated for prior workshops, it is important 
to document the results of each workshop and 
to distribute a report containing the following for 
Workshop No. 3:

� Meeting agenda
� Lists of attendees
� Photos of activities
� Images of all sketches of proposed solutions
� Meeting notes recording additional fi ndings, re-

sults, refl ections, etc.
� Updated Metrics and Performance Targets, in-

clude updated LEED checklist (if applicable)
� Updated integrative cost-bundling template
� Process Road Map spreadsheet of schedule and 

tasks
� Updated OPR and BOD
� Next Steps
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Stage B.2

Research and Analysis: Schematic Design—Bringing It All Together (and now 
committing to building form)

B.2.1  Research and Analysis Activities: Schematic Design
� Engage a more informed schematic design process and develop building form solutions from conceptual 

sketches produced in Workshop No. 3.
� Iterate, iterate, iterate, with meetings, conference calls, etc., to integrate the four key subsystems with 

building form

� Habitat
� Water
� Energy
� Materials

B.2.2  Principles and Measurement
� Test building performance in detail and evaluate results against Performance Targets
� Commissioning: Adjust the OPR and BOD to refl ect proposed schematic design

B.2.3  Cost Analysis
� Refi ne integrated cost bundling numbers to ensure that proposed schemes, systems combinations, and 

cost scenarios can be evaluated with increasing accuracy

B.2.4  Schedule and Next Steps
� Adjust and prepare Integrative Process Road Map for team review to include tasks and schedule impacts 

that have emerged from schematic design discoveries
� Prepare Agenda for Workshop No. 4

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignnEvaluationPrep.

CoVO

CoVo OVV

CoVo OVV

pancy,Part C – Occup
and Operations, 

eedbackPerformance Fe

Figure 6-30 Integrative Proces 
Stage B.2, Research and Analysis: 
Schematic Design. Image courtesy 
of 7group and Bill Reed; graphics by 
Corey Johnston.
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Stage B.2

Research and Analysis: Schematic 
Design—Bringing It All Together (and now 
committing to building form)

Schematic design now begins in earnest. This Research 
and Analysis period is focused on iterating and refi ning 
the results of all previous work and developing a proj-
ect solution or solutions that address multiple issues 
with minimal materials, systems, and expense. Also, 
this process focuses on using the opportunity of build-
ing to restore and contribute to the health of local living 
systems—in other words, elegant design.

Interim Meetings

Although the process outline being presented here does 
not explicitly identify schematic workshops or meetings 
other than the Schematic Design Kickoff (Stage B.1), 
successful systems integration mandates a series of in-
terim subteam meetings during schematic design to fo-
cus on incorporating integrative discoveries that impact 
multiple team members and their disciplines. In reality, 
then, this Research and Analysis stage consists of a 
number of such smaller team meetings, the subject of 
which may vary considerably for each project, depend-
ing upon the targeted performance goals. These small-
er interim meetings likely begin within each discipline 
by analyzing the integration of elements within each key 
subsystem, but then the subject matter quickly expands 
to enfold interrelationships with the other key subsys-
tems in progressive and subsequent meetings across 
disciplines.

The purpose of this book is not to prescribe what 
these meetings need to address, how many might be 
needed, or when such meetings need to happen; it 
would be impossible to anticipate all the variables that 
may crop up in your projects. Consequently, only a few 
examples of such meetings are being identifi ed in the 
outline below to avoid presenting a prescriptive meth-
odology.

B.2.1  Research and Analysis Activities: 
Schematic Design

� Engage a more informed schematic design pro-
cess and develop building form solutions from 
conceptual sketches produced in Workshop 
No. 3

The architect can now dive headlong into developing 
design solutions, building form, and aesthetic itera-
tions; the design palette has now been enriched with 
a wider range of possibilities and potentialities than 
in a conventional process. These possibilities are 
far less accessible and concretized—if simply not 
available—without engaging the Discovery process 
described in the prior stages. Further, an expanded 
framework has already been established in the inte-
grative process that provides a clear initial starting 
point for form development, instead of beginning 
in isolation with a blank piece of paper; generat-
ing schematic solutions is now informed by a wider 
scope—with a larger sandbox, it is more fun to play. 
Design decisions are not being driven merely by 
building form and aesthetic considerations; rather, 
performance analyses and systems interactions help 
drive design decisions. As a result, a much more 
comprehensive aesthetic is being addressed. The 
resulting beauty and elegance far exceeds mere vi-
sual aesthetics in its richness and honesty, because 
the project’s aesthetic is informed by both rational 
analysis and the model provided by nature.

� Iterate, iterate, iterate, with meetings, confer-
ence calls, etc., to integrate the four key sub-
systems with building form

The success of integrating the key systems (habi-
tat, water, energy, materials) depends upon how 
detailed and how much exploratory work and un-
derstanding of the environmental issues was previ-
ously accomplished—and, most importantly, how 
these systems are working in relationship with one 
another.
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Ask questions, answer questions, ask questions, 
answer questions: Environmentally effective design 
solutions require very quick cycles of iteration be-
tween the key systems in the project to explore their 
interrelationships. In Schematic Design, we are ex-
ploring how these systems are brought together as 
a whole design and how they nest together in more 
effective relationships; this is an enriched iteration 
process, since more issues are in play. These is-
sues are addressed at interim meetings, as dis-
cussed above, within each discipline and across 
disciplines. These sessions are informed by using 
various tools for such analysis, but the array of avail-
able tools is wide; therefore, for the purpose of sim-
plicity, we again (as in Stage A.5) provide only a few 
examples of such tools in the outline below where 
particularly appropriate.

It is worth mentioning that as integrative solutions 
are developed, the dividing lines between the four 
key subsystems should begin to blur. Consequent-
ly, you may notice that the examples described be-
low may not fall so clearly within only one of the key 
subsystems; rather, these examples of solutions 
intentionally address multiple subsystems simulta-
neously.

� Habitat (biotic systems other than human)
 Explore strategies and components that promote 

habitat and biodiversity in ways that also can be 
synthesized with other systems, such as rainwa-
ter, wastewater, energy, etc.

• Examples:
• Habitat doubling as treatment for human 

waste in a constructed wetland.
• Installing a vegetated green roof or con-

structed wetlands on the roof to reduce heat 
island effects, provide cooling mass, reduce 
peak-cooling capacity via reduced intake-
air temperature at air-handling units, retain 
storm water, and reduce noise.

• Utilizing stormwater infrastructure to pro-
mote habitat, such as bioswales, rain gar-
dens, open cell pervious paving, etc. Bet-
ter yet, reduce impervious surfaces and/
or install meadows or planted areas with 
higher infi ltration rates to reduce stormwater 
runoff quantities and infi ltrate rainwater from 
groundwater recharge.

• Designing earth berms and other vegetation 
to reduce wind exposure, impact solar ex-
posures, reduce building envelope thermal 
losses and gains, address force-protection 
issues, etc.

� Habitat (human)
 Explore interrelationships between indoor envi-

ronmental systems and components that impact 
human health, performance, productivity, and 
quality of life.

• Test various daylighting strategies by engaging 
preliminary daylighting analysis and modeling 
in parallel with energy modeling, as discussed 
in the “Energy” section below.

• Daylight analysis can be very simple or very 
complicated, depending upon the project’s 
complexity and performance goals. It should 
be used to guide design decisions—make 
them proactive, not reactive. There are two ba-
sic parts to daylighting analysis: one is direct 
solar analysis, and the other is the actual mea-
surement of lighting levels. Both aspects of the 
analysis require a basic understanding of site-
related solar geometry and climate data.

• Examine the direct solar access on the site 
and the building. This could include the use of 
inexpensive tools and/or refi ned computer pro-
grams. Simple solar access tools can be used 
to determine the extent to which surrounding 
objects will cast a shadow, depending on fac-
tors such as the time of year (see Figure 6-31). 
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These tools are used to help determine place-
ment on the site, not necessarily the actual 
effect upon the building. From a daylighting 
perspective, a project team can use this tool 
to identify when and where on the site there is 
shading and conversely, access to daylight. 

  Many tools that the architect currently uses 
can provide the information for the next step in 
this direct solar access analysis (see list of day-
lighting simulation tools below). SketchUp and 
other three-dimensional (3-D) modeling software 
packages can replicate the solar geometry of the 
project’s location and examine building-shading 
effects. More refi ned programs, such as ECO-
TECT, provide a more comprehensive and in-
depth analysis. These tools are used to examine 
exterior shading and the potential effects of direct 
solar penetration (see Figures 6-32 and 6-33).

• Model individual spaces or combinations of 
spaces to quantify daylighting performance. 
An effi cient method is to create as few models 
as possible by using a single model for many 
different analyses; a single model can repre-
sent many spaces of similar size and geom-

etries. To save time at this stage, small details 
and nonpermanent elements should not be 
included in the models.

  Generally, daylight performance is mea-
sured at the equinox and solstices under clear 
and overcast sky conditions. The data from the 
analysis on these dates can then be extrapo-
lated to the remainder of the year. The analysis 
should be geared to determine the best strat-
egies for the project site’s typical sky condi-
tions, either clear or overcast.

  Daylight can be measured several ways. 
A simple measure is the use of daylight fac-
tor—that is, the ratio of exterior lighting levels 
to interior lighting levels. A daylight factor of 
2 percent is considered good performance; 
daylight factor expresses the ratio of outside 
illuminance to indoor illuminance (with the 
lights off) as a percentage, so 30 foot-candles 
(fc) of interior illuminace equates to a daylight 
factor of 2% on a cloudy day when sky dome 
illuminance might equal 1,500 fc. However, 
using daylight factors alone will not provide 
an accurate assessment of daylight quality 

Figure 6-31 A simple 
solar access tool can 
be used to determine 
shading obstructions. 
The image on the left is 
the Solar PathFinder tool. 
The photograph is used to 
create the sky-vault chart 
on the right, which shows 
the shading pattern at 
various times of the day 
and months of the year. 
Image © Solar Pathfi nder.
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with regard to uniformity and contrast ratio. 
As we have seen, good daylighting address-
es both the quantity and quality of light. When 
examining issues such as glare and contrast, 
actual foot-candle measurements, relative 
values, and distribution provide a more accu-
rate picture (see Figures 6-34 and 6-36).

• Another metric to examine is daylight autono-
my factor (DAF). The DAF quantifi es the per-
centage of time during the year when a space 
will have suffi cient lighting levels from daylight 
to allow for the electrical lighting system to be 
turned off. Analyzing the daylight levels with 
this metric begins the process of integrating 

2 Figure 6-33 This sun path dia-
gram model from ECOTECT can be 
used to evaluate solar position and 
its effect on building design. Image 
courtesy of Todd Reed. Image 
produced using ECOTECT;  ©2008. 
http://www.autodesk.com.

3 Figure 6-32 SketchUp models can be used 
to evaluate shading effects. Several pieces 
of software allow movies to be created that 
quickly show shading effects over any given 
set of hours or days throughout the year in 3-D 
imagery. Image courtesy of Todd Reed.
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daylight analysis with the energy model, and 
it provides a more comprehensive picture of 
overall building performance. A relatively sim-
ple tool to use for analyzing daylight autonomy 
factor is SPOT (see Figure 6-35).

  The key criteria for assessing whether a space 
is well daylighted, though, are: even distribution 
of light (see Figure 6-36), minimal glare, and 
low contrast ratio. Balancing all three of these 

elements is crucial to providing quality daylight-
ing design. These are the qualitative aspects of 
daylighting design that should be analyzed be-
yond simple quantities of daylight penetration.

  An additional benefi t of daylight model-
ing simulations is their potential for gener-
ating 3-D models that can visually illustrate 
a space. Many daylighting software tools, 
such as AGI32, can produce photo-realistic 

Figure 6-34 Foot-candle 
measurements plotted in a class-
room at desk height provide the 
quantitative analysis necessary 
for evaluating daylighting design 
performance. Image courtesy of 
Todd Reed. Image created using 
AGi32 software.
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Figure 6-35 SPOT modeling results showing workplane illuminance levels; the software program calculates daylight autonomy factor (DA). In this case, 
the DA is 0.69, which means that daylighting will provide the targeted illuminance levels with the lights turned off for 69 percent of the time over an entire 
year during daylight hours. Image courtesy of Todd Reed.
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images. While this level of detail is not required 
for analyzing daylighting performance, it can 
help owners and designers envision the results 
more clearly; but even more simple daylight 
modeling visual illustrations can give the team 
a good feel for the space and help them to 
identify potential problems. During schematic 
design for a major university’s School of Mu-
sic building, the visual illustrations generated 
by our daylight modeling revealed that direct 
beams of sunlight from clerestory windows fell 

directly on the director’s podium in the primary 
orchestral and choir rehearsal space, which 
would have blinded the director from seeing 
the choir and the orchestra. The original clere-
story confi guration was revised to avoid this 
problem. Muscoe Martin relates a similar story 
from the design of the Cusano Environmental 
Education Center for which the rendered light-
ing analysis showed that interpretive display 
cases would have had their contents obscured 
by veiling refl ections from the daylighting. The 
architect (Susan Maxman Partners) then de-
signed these display cases with sloped fronts 
to fi x the problem.

• During this stage, the architect should be work-
ing closely with the daylight modeler and using 
the output of the daylighting analysis to inform 
the project’s design. This will typically require 
several iterative modeling runs and interim 
meetings during the schematic design phase.

• Daylighting simulation tools:
 Several daylighting software-analysis pro-

grams can help address these factors, 
thereby allowing teams to develop more 
sophisticated design strategies and higher 
quality daylighting. Some currently available 
programs include:
• Radiance: Developed by the Lawrence Berke-

ley National Laboratory for UNIX-based com-
puters, this program is available at no charge 
at http://radsite.lbl.gov/radiance/HOME.html.

• Lumen Designer: This software developed 
by Lighting Technologies Inc. is a successor 
to Lumen Micro. It is available at http://www.
lighting-technologies.com.

• AGI32: Developed by Lighting Analysts Inc., 
this lighting design software can be used for 
calculations and modeling. It is available at 
http://www.agi32.com.

Figure 6-36 The uniformity of daylighting plotted in plan and in section 
can help designers evaluate the evenness of daylighting distribution in 
a space. As with electrical lighting system design, this is an important 
design consideration, since good daylighting design minimizes contrast 
ratios in a space. Image courtesy of Todd Reed.
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• ECOTECT: Daylighting module included as a 
part of building-analysis software offered by 
Autodesk. Available at http://ecotect.com.

• IES-VE: This daylighting module, a com-
ponent of a Revit-based suite of analysis 
tools, is closest to BIM. Developed by In-
tegrated Environmental Solutions Inc., this 
module is available at http://www.iesve.
com.

• DAYSIM: This tool calculates Daylight Au-
tonomy Ratio, and its output can be used 
by other software simulations modeling the 
same space. This is useful, since the fi rst 
step in daylighting analysis is to build a 3D 
model; this model can be built in one piece of 
software and then used by another for analy-

sis, or sometimes the model is built within the 
analysis software itself. More information and 
a free download available at http://irc.nrc-cn-
rc.gc.ca/ie/lighting/daylight/daysim_e.html.

• SPOT: Sensor Placement + Optimization Tool 
focused on calculation of DAR and daylight-
sensor placement. From Architectural Energy 
Corporation at http://www.archenergy.com/
SPOT.

 Output from such daylighting programs 
can provide designers with luminance and 
illuminance values, lighting level plots and 
contours, visual comfort levels, photo-
quality images, and video solar-shading 
diagrams with animations. Design teams fa-
miliar with these fundamental factors, as well 

Figure 6-37 Three-dimension-
al daylight modeling simulations 
also can be useful for giving 
building users a sense of what 
the space will look like under 
varying daylit conditions. In this 
case, the model depicts the same 
space as Figure 6-23, but from a 
slightly different viewpoint (and 
with no electrical lighting turned 
on) to see the effects of the book 
stacks on daylight levels for the 
AMBS library project. Image 
courtesy of Robert Thomas. Im-
age created by AGI32 software.
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as the effects of glazing characteristics, will be 
able to effectively evaluate alternative daylight-
ing parameters and components and their im-
pacts on other systems. We often have used 
these tools to help optimize the confi guration 
and dimensions of window openings, shading 
devices, overhangs, etc.

• Thermal comfort analysis
• Determine fi nal comfort settings and param-

eters.
• Determine the level of individual control (op-

erable windows, underfl oor air, etc.) provid-
ed to the occupants.

• Begin to examine the effects of issues related 
to the interaction of HVAC system compo-
nents. For example, if humidifi cation will be 
required to meet performance requirements 
and economizer cooling is being considered, 
then the desire for free cooling should be 
weighed against the need for humidifi cation.

• Thermal analysis modeling can be particu-
larly helpful in complex building design and 
airfl ow scenarios. Software such as TRNSYS 
can be used to evaluate indoor conditions 
based on HVAC system design and building 
envelope performance.

• Specifi c envelope confi gurations and win-
dow-wall sections can be evaluated with 
software such as WINDOW and THERM 5.2 
to determine heat-transfer effects. This anal-
ysis can be used to identify thermal bridg-
ing in the building’s structural and envelope 
systems, which can help identify potential 
issues related to condensation, moisture 
problems, cold surfaces (a component of 
thermal comfort referred to as mean radiant 
temperature), and heat loss. The software is 
available as a free download at http://win-
dows.lbl.gov/software/default.htm.

• Ventilation analysis
• Determine the location(s) of outside air in-

takes and coordinate with roof material se-
lection, if applicable. Quite often, the outside 
air intakes for a building are located on the 
roof. A white or green vegetated roof can 
have an ambient temperature that is 60˚F to 
80˚F lower when the sun is shining during 
the cooling season, potentially resulting in 
considerable additional energy savings.

• Consider whether computational fl uid dy-
namics (CFD) is needed for the project. If 
necessary, CFD software can be used to 
model airfl ows, heat transfer, and thermal 
comfort. It is particularly useful in large vol-
ume spaces such as an atrium, complex 
envelope assemblies (such as a double-
envelope scenarios), and for analyzing air-
fl ows for ventilation systems. If the project is 
considering the use of displacement ventila-
tion (underfl oor air distribution, for example) 
or natural ventilation strategies, the use of 
CFD can test and compare various strate-
gies (see Figure 6-38). The CFD studies will 
need to be closely coordinated with energy-
modeling efforts and often are performed by 
the same fi rm.

• One of the more commonly used CFD soft-
ware packages is produced by Fluent and is 
available at http://www.fl uent.com.

• Pollutant source control
• Identify operational pollutant sources that 

need to be addressed with regard to their 
location within the building’s fl oor plan or 
layout and with regard to isolating potential 
air transfer from these spaces to adjoining 
spaces; analyze architectural and HVAC sys-
tem impacts resulting from the elimination of 
such cross-contamination. Explore potentially 
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reducing both exhaust duct runs and fan ca-
pacity by grouping or stacking such spaces.

• Identify any air-fi ltration requirement impacts 
on HVAC system components.

• Acoustics
• Identify impacts on building envelope, archi-

tectural confi guration, HVAC system com-

ponents, materials selection, etc., related 
to acoustical properties and performance 
targets.

• It should be noted that LEED for Schools 
now requires achievement of acoustical per-
formance as both a prerequisite and as an 
optional credit.

Figure 6-39 Renderings of the proposed Syracuse Center of Excellence project, which is pursuing LEED Platinum certifi cation, depict south-facing 
glazed walls (image on the right) for this cold climate along with extensive green roofs. Images courtesy of Toshiko Mori Architect.

Figure 6-38 Floor geometry model for Syra-
cuse Center of Excellence Headquarters Building, 
Syracuse, New York. The Syracuse Center of 
Excellence is a mix of laboratory, offi ce, and 
classroom spaces that used computational fl uid 
dynamics (CFD) to test the temperatures, air-
fl ows, and radiant temperatures for a scheme with 
underfl oor air and a double-skin corridor. This 
snapshot image from Airpack software models 
the layout of Level 3; the corridor at the bottom of 
the image faces south and is located adjacent to 
the proposed double-skin façade. Such modeling 
determined that the proposed scheme provides 
acceptable classroom conditions for both winter 
and summer comfort. The corridor rises toward 
85°F during the summer. During the winter, the 
corridor is near 64°F near the fl oor. Image and 
caption content courtesy of Arup.
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Integrating Acoustics into Building Design 101
By Christopher Brooks, senior consultant with Acoustic Dimensions

Every aspect of a building affects its acoustics, and 
thus (if considered in the design) acoustics affects 
every building system. Even if not considered in the 
design, there will be acoustic consequences (desirable 
or undesirable) from nearly every building system.

If the clients and designers would prefer the 
acoustic aspects of their building to have in-
tentional results, acoustics must be considered 
throughout design and construction. This is obvi-
ously crucial when acoustics is a primary focus of 
the program, such as worship and performance 
spaces, but it is also important where the acoustic 
program is more utilitarian (just one of many com-
peting interests) such as in schools, offi ces, and 
residential buildings.

Acoustics and buildings relate in several ways:

� The scale and form of a room fundamentally de-
termine its acoustic character.

� Materials affect how sound behaves within a space 
and the transmission of sound between spaces.

� Mechanical and electrical systems create noise. 
Designing for low noise requires serious consid-
eration of budget and building confi guration.

� Electro-acoustics systems require locations for 
their components and a room that is acoustically 
friendly.

Scale and Form

For a building with a program centered on acous-
tics, scale and form are fundamental. The mere 
scale of a room affects how many people a room 
can hold and who can perform there. A string quar-
tet cannot perform in the Houston Astrodome; nor 

can the Marine Band perform in my living room. For 
a less extreme example, a classroom that is too 
large will result in poor speech intelligibility.

The form of a major concert hall is essential to its 
primary function, and the design of such a form 
is still an art. The twentieth century saw numerous 
mediocre-to-awful concert halls based on a fl awed 
conception of their geometry. The fi rst successful 
modern concert hall—the acoustically superb Mey-
erson in Dallas—resulted from a radical insight into 
the geometry required for such a room.

For any room where sound isolation is important 
(concert halls, worship spaces, auditoriums, confer-
ence rooms, private offi ces, audio-editing suites, 
etc.), location must be considered carefully. The 
most cost-effective way to isolate a room from the 
noisy outside world, adjacent rooms, or from noise 
equipment is by location.

For rooms where acoustics is less critical to the pro-
gram, the form of a room can still create problems 
(an inadvertent echo from a curved rear wall), or 
opportunities (a speech-supporting shape above a 
conference room table).

Acoustic program, scale, form, and location are is-
sues best decided in the earliest stages of design.

Materials

Materials affect sound by absorbing or by acting as 
a more-or-less effective barrier to sound. Products 
can also be intentionally shaped to scatter sound. 
None of these attributes is positive or negative in 

(continued)
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itself. Materials must be carefully chosen for both 
their properties and location, then integrated with 
other design requirements.

The term “acoustical” is often used to denote 
materials that absorb sound (and sometimes to 
denote some other property related to sound); the 
implication being that “acoustical” materials are 
always good for acoustics. This is false. Materials 
are good for acoustics if they are appropriately 
chosen and located to serve the acoustic function 
of a room.

The best solution is often to choose materials that 
can integrate several desired functions. For in-
stance, a hard surface for walking on catwalks can 
usefully refl ect sound in the stage below. Acoustic 
tile is not appropriate everywhere, but where it is 
appropriate, it is cost effective, refl ects light, hides 
unsightly structure, and controls excessive rever-
beration. Great, if that is what the acoustic program 
calls for.

The acoustic performance of a material also de-
pends on where it is located and how it is installed. 
Material choice cannot be separated from the more 
fundamental issues of acoustic program, form and 
function, and construction.

Mechanical and Electrical Systems

Mechanical and electrical systems generally affect 
acoustics negatively, by making noise. A great deal 
of money and effort is spent to ascertain the appro-
priate levels of noise from these systems and then 
to design and build them to meet these noise crite-
ria. This can be a challenge since some desiderata 
for mechanical design confl ict directly with acoustic 

requirements. For instance, turbulence helps mix 
air (good for comfort), but turbulence creates noise 
(bad for acoustics).

Yet, there are some opportunities for integration; for 
instance, surfaces with an acoustic function such 
as acoustic “clouds” can be used to help distribute 
air, or “white” noise from air-distribution can con-
tribute to speech privacy. In performance and wor-
ship spaces, supplying air from below audience (or 
congregation) seating, and returning it high, may be 
more expensive, but this approach can be quieter, 
more energy effi cient, and removes contaminants 
from the air. Underfl oor air distribution systems pro-
vide extremely quiet acoustic environments for offi ce 
and educational spaces as well.

Mechanical and acoustic requirements can be 
reconciled—with diffi culty. The earlier this chal-
lenge is addressed, the more likely a successful 
outcome.

Electro-acoustics systems (or AV)

Electro-acoustics systems require locations for their 
components—including sometimes highly visible 
loudspeakers—and a room that suits them acousti-
cally. In addition, many audiovisual (AV) compo-
nents are cooled by fans that create noise that has 
to be controlled to suit other aspects of the acoustic 
program.

Audiovisual (or electro-acoustic) systems have, 
unfortunately, contributed to the idea that acoustics 
is just another item of equipment that one tacks on 
after the design is fi nished. This isn’t even true for 
spaces where AV is the primary acoustic function 
of a room!—much less in a room where AV is one 



P A R T  B  —  D E S I G N  A N D  C O N S T R U C T I O N  249

� Water
 Explore water input and output fl ows to and from 

each system and component so that they are un-
derstood and can be integrated in such a way 
that each element of the system serves more 
than one function or purpose in the project’s wa-
ter balance schema.

• Examples
• Reducing water demand via low-fl ow fi x-

tures usually is the fi rst step; often, simply 
installing dual-fl ush toilets, waterless uri-

nals, 0.5 gallons per minute (gpm) lavatory 
faucets, automatic faucet controls, and 1.5 
gpm shower heads can reduce potable 
consumption by 40 to 50 percent, and lead 
to cost savings.

• Use cooling system condensate water, gray 
water, and/or captured rainwater for fl ush-
ing toilets, irrigation, and/or groundwater re-
charge.

• Explore treatment of wastewater from toilets 
in constructed wetlands on-site to create 

of many acoustic functions, such as a multipurpose 
auditorium.

Integrating Acoustics
Acoustics is one aspect of a building’s program. 
Its level of importance in that program may be in-
cidental, or it may be the building’s raison d’être. 
Even when its importance to the overall program 

is low, however, acoustic problems can be disrup-
tive, sometimes signifi cantly.

With the exception of AV drawings, there are no 
separate “acoustics drawings.” Good design re-
quires that acoustics be thoughtfully integrated 
into every stage and every aspect of a building’s 
development from programming through final 
commissioning.

Figure 6-40 This il-
lustration is from an EASE 
(Electro-Acoustic Simulator 
for Engineers) acoustic model 
of a synagogue. Acoustic 
requirements for Jewish 
worship activities drove the 
geometry of the room’s height 
to provide support and blend 
for chanted prayer; wall ar-
ticulation for acoustic clarity; 
slanted walls to avoid echoes 
and boominess. The model 
was developed to investigate 
these acoustic properties 
quantitatively. Image courtesy 
of Chris Brooks.
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habitat, to recharge groundwater, or to be 
recirculated back into the building. It should 
be noted that in many cases where the larg-
er hydrological loop is being considered, 
the use of ultra low-fl ow toilets and urinals is 
not necessary—or even desired—due to the 
need for effl uent to feed the wetlands.

• Verify the quantity of captured rainwater, 
gray water, and/or condensate in order to 

balance this supply quantity with the waste-
water demand of the constructed wetlands, 
habitat, and/or groundwater recharge; again, 
counter-intuitively, low-fl ow fi xtures may not 
always be the best solution.

• Consider using composting toilets to avoid 
water use and wastewater generation alto-
gether, with the added benefi t of generating 
high-quality soil to augment habitat on site. 

Figure 6-41 Constructed wetlands can cost-effectively integrate wastewater treatment, habitat, and water quality in ways that strongly contribute 
to water balance. This diagram depicts the components of a typical waste treatment constructed wetland. Image courtesy of Jeff Charlesworth and 
Back to Nature, Oldwick, NJ.



� Energy
 Explore and analyze interactions between all sys-

tems that impact energy performance and ener-
gy consumption via iterative parametric model-
ing and parallel life cycle cost analysis to inform 
design decisions.

• Lock into general building massing, orienta-
tion, and percentage glazing openings during 
this stage (Schematic Design).

• The energy model should evolve as the proj-
ect’s design evolves. Update the model and 
complete modeling runs for any additional 
energy-effi ciency measures (individual param-
eters) identifi ed during Workshop No. 3.

• Perform initial and subsequent iterations of 
combination parametric modeling runs to 
optimize system size reduction strategies by 
exploring various combinations of EEMs to 
discover which combination best balances en-
ergy performance with fi rst-costs and opera-
tional-cost impacts

• Based upon HVAC system options initially 
identifi ed in Workshop No. 3, perform addi-
tional modeling runs to inform life cycle cost 
analyses as a mechanism for selecting an 
HVAC system. Once the building loads have 
been reduced to be as low as possible, the 
next step is to use the model to assist in the 
selection of an HVAC system. It is important 
to perform this step after the load-reduction 
strategies have been modeled and agreed 
upon. Performing the life cycle cost analysis 
(LCCA) before load reduction will result in 
overstated values for energy use, since loads 
have not been optimally reduced. If this LCCA 
precedes serious explorations and evalua-
tions of load reduction, then the potentially 
overstated energy use may produce a com-
pletely different conclusion than if the HVAC 

comparison is based upon much more effi -
cient envelope and lighting design.

  On a recent project, the design engineers 
performed a LCCA based upon the building’s 
projected energy use, using performance 
data from a previous elementary school de-
sign (that was built conventionally) that they 
then extrapolated and applied to a much larg-
er high school. Their LCCA concluded that the 
best HVAC system for the project was a four-
pipe variable air volume (VAV) system with a 
water-cooled chiller and gas boiler. Instead of 
using this projection, we suggested running 
the energy model with an effi cient envelope 
and a reduced lighting load. When our “re-
duced-consumption” modeling results were 
used in the LCCA, the conclusion changed, 
with ground-source heat pumps turning out 
to be the best choice. The conclusion that the 
project was going to have reduced heating 
and cooling loads beyond the norm changed 
the results of the LCCA and, in turn, the HVAC 
system selection (see Figure 6-42).

• Complete comprehensive life cycle cost analy-
sis, informed by the energy-modeling runs 
identifi ed above, in order to select the most 
cost-effective HVAC system, based upon op-
timized load reductions.

• Initial HVAC load calculations should be per-
formed along with energy-modeling runs to 
take optimum advantage of system downsiz-
ing. Many mechanical engineers are reluctant 
to perform load calculations at this phase until 
the building’s fl oor plan and elevations have 
“settled down” and are not likely to change sig-
nifi cantly. The reason given is that they do not 
have the budget for performing the load calcu-
lations multiple times. Full scale load calcula-
tions, however, do not have to be performed 
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Figure 6-42 Sample Energy Modeling for 
HVAC Selection: This set of energy modeling 
results compares four distinct HVAC systems 
for a recent project; these modeling runs were 
used as part of a life cycle costing analysis for 
selecting the HVAC system with the lowest life 
cycle cost. Descriptions of the four modeled 
systems are as follows:

HVAC-1: Ground-Source Heat Pumps (GSHP), 
16 EER, 3.8 COP, ground-loop heat exchanger 
is provided by 320 vertical wells, individual 
ground-source heat pump units with ventilation 
provided by dedicated OA (outside air) GSHP 
units with heat recovery and CO2 sensors, 
large spaces served by ground-source heat 
pump heat-recovery units.

HVAC-2: Conventional Water-Source Heat 
Pumps (CWSP), 14 EER, 5 COP, natural 
gas boiler @ 88% AFUE (annual fuel 
utilization efficiency), cooling tower @ 
50 gpm/horse power, individual water-
source heat pump units with ventilation 
provided by dedicated OA GSHP units 
with heat-recovery and CO2 sensors, large 
spaces served by water-source heat pump 
heat-recovery units.

HVAC-3: Fan-Powered VAV, 2 water-
cooled chillers 6 COP, 2 natural gas 
boilers @ 88% AFUE, cooling tower @ 
50gpm/hp, VAV with VAV boxes, reheat 
and CO2 sensors, large spaces served by 
heat-recovery units with hot water and 
chilled water coils.

HVAC-4: Fan Coil Units, 2 water-cooled 
chillers 6 COP, 2 natural gas boilers @ 
88% AFUE, cooling tower @ 50gpm/hp, 
individual fan coil units with ventilation 
provided by dedicated OA units with hot 
water and chilled water coils, heat recovery 
and CO2 sensors, large spaces served by 
heat-recovery units with hot water and 
chilled water coils.

Model Assumptions for all four systems are 
as follows:

Building envelope: 13’ 0” floor-to-floor 

height with Gymnasium and Auditorium 
as 2-story spaces, Mass Walls—4” face 
brick, 3” polyisocyanurate insulation, 8” 
block (overall U-value = 0.041, R-24); 
Steel Stud Walls (at glass walls only)—
steel siding, air space, 3” polyisocyanu-
rate insulation, 5/8” gypsum wallboard 
(overall U-value = 0.042, R-24); 
Roof—3” polyisocyanurate overall U-value 
= 0.037, R-27; glass—clear, double-
pane, low-e, Vision “Solarscreen” VRE 
1-46, overall U-value = 0.30, SHGC = 
0.28, Visible Transmittance = 43%. The 
loads associated with the indoor pool are 
not accounted for in these models.

Internal loads: Lighting—0.85 W/sq. ft.; 
Plug—0.7 W/sq. ft., based upon ASHRAE 
densities and common sense.

Utilities: Electric—PECO GS single meter 
rate (assumed no summer session and 
thus no ratchet applies); Gas—PECO GC 
rate (gas-fired domestic water heaters and 
boilers for all but GSHP systems).

Schedule: A single schedule was used for 
this model based upon a 9-month school 
year with no summer classes.

Defaults: Standard eQuest defaults were 
used whenever possible, including, but 
not limited to, domestic hot water usage 
and percentage of floor area for each type 
of space. Any inaccuracies introduced by 
using defaults will be consistent for all 
systems and as such will not affect the 
system comparison.

Image courtesy of Cam Fitzgerald.
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at this phase. For many projects—schools, 
hospitals, offi ce buildings, etc.—a wing or pod 
of the building can be used as representative, 
or in some cases (like a school), an entire wing 
can be estimated based on the loads from one 
room if it is a dominant repetitive component.

• When a major project goal is to reduce HVAC 
system sizing, the mechanical engineer should 
be prepared to examine a variety of options 
and their effect on the building’s loads.

• Consider the impacts on mechanical, electri-
cal, and plumbing layout and design relative to 
enabling the submetering of systems as part 
of the postoccupancy measurement and verifi -
cation (M&V) effort. Agree to the general M&V 
approach so that the MEP systems layout (and 
controls) can be informed by the data collec-
tion needs identifi ed during prior stages.

• Example
 The holy grail of building performance simu-

lation is the proverbial set of simulation but-
tons that integrally link to three-dimensional 
design software. Push the energy button, and 
the software spits out the energy-use impact 
of a recent design change. Push the daylight-
ing button, and the light-level grid appears on 
the drawing. As design tools evolve, we are 
getting closer all the time to this ideal, but the 
current reality (for nearly all projects) is that 
we are not quite there yet. As a result, it usu-
ally is necessary to run multiple simulation 
tools in parallel.

  For example, when examining daylighting 
strategies, it is often necessary to run energy 
simulations to evaluate the full impact of a vari-
ety of design decisions. For a recent project we 
examined several design options for providing 
effective daylighting in a second fl oor space. 
The options included a variety of roof confi g-

urations—fl at roof with skylights, sloped roof 
with clerestories, fl at roof with a sawtooth, and 
so forth. These different room confi gurations 
were analyzed concurrently for both daylight 
performance (in daylighting simulations) and 
for impacts on energy use (in energy-model-
ing software). Solving for one issue alone will 
not enable the project team to produce op-
timal solutions. As BIM tools evolve, concur-
rent analysis in a single tool will become more 
commonplace and will expedite this process 
signifi cantly.

� Materials
 Explore and analyze options for structural and 

envelope systems, along with the interrelation-
ships between these components and other sub-
systems to inform design decisions.

• Based upon the parameters defi ned in Work-
shop No. 3, perform LCA analysis of struc-
tural and envelope systems using the tools 
described in Stages A.3.1 and A.5.1 to inform 
design decisions.

• Review comparisons of assembly options to 
lower environmental burdens based on project 
goals.

• Review inputs for structural live-load require-
ments.

• Review all opportunities to optimize sizing for 
bay-spacing, columns and beams, fl oor, and 
roof decks.

• Consider all structural innovations that reduce 
material needs.

• Based on the LCA modeling runs in prior 
stages, review the largest impacts by building 
assembly, and seek opportunities for reduc-
ing impacts for these assemblies. An example 
might include reducing portland cement use 
in concrete (to reduce CO2 emissions), which 
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requires the involvement of the structural en-
gineer.

• Examples
 Revisiting the LCA exercise discussed in 

“Life Cycle Assessment (LCA) Tools and 
Environmental Benefi ts” at the beginning of 
this chapter, you may recall that we began 
the process of using LCA for this project by 
inputting the basic structural and envelope 
components into the ATHENA® Impact Es-
timator for Buildings model. This allowed us 
to see comparisons of the emissions and 
global warming impacts associated with each 
of the project’s various structural and enve-
lope assembly groups. This, in turn, helped 
us set priorities on where to focus our efforts. 
First, we optimized bay-spacing, columns, 
and beams (see Figures 6-17 and 6-18). The 
initial analysis, though, clearly indicated that 
the emissions and global warming impacts of 
the structural and envelope components were 
dominated by the foundation (see Figures 
6-16 and 6-17).

  This realization led us to review options 
for reducing the impacts associated with 
this foundation. We regularly seek ways to 
lower the amount of portland cement used 
in concrete to reduce CO2 emissions. Efforts 
include seeking technical input from cement 
manufacturers, working closely with the struc-
tural engineer, and making sure that any is-
sues that may impact project schedules are 
addressed as soon as the general contractor 
is on board.

  In this case, displacing 35 percent of the 
portland cement in the foundation concrete 
reduced the associated CO2 emissions by 
approximately 6,000 tons—more than the to-
tal CO2 impacts from all of the other structural 

and envelope assembly groups combined. In 
conjunction with the optimized bays-columns-
beams, the global warming potential (mea-
sured in generated CO2 equivalent mass) 

for the project’s structure and envelope was 
reduced by a little over 25 percent (compare 
Figure 6-43 to Figure 6-17).

  We also worked in conjunction with the ener-
gy modeler to identify a collection of other strat-
egies. A steel-stud wall with brick cladding had 
been chosen for the original design. Instead 
of spending dollars on brick, it was decided to 
invest that money in insulated concrete form 
walls (which also improved energy perfor-
mance) and change the cladding to wood. The 
amount of portland cement also was reduced 
in the ICF walls.

  Figure 6-44 shows the Athena output that re-
sulted from analyzing the combination of these 
strategies employed to lower the impacts of 
the project’s building materials; it depicts the 
overall embodied effects of the three design 
options: The baseline project includes the 
original steel-stud walls, typical concrete mix, 
brick cladding, and nonoptimized bay siz-
ing. The next lowest bar represents optimized 
bays, columns, and beams. The third and low-
est bar depicts reduced portland cement in the 
foundation and walls, ICF walls, and changing 
the cladding to wood.

B.2.2  Principles and Measurement

� Test building performance in detail and evalu-
ate results against Performance Targets

� Based upon all of the analyses described above, 
adjust and fully document impacts of all design 
decisions in detail relative to the resultant sche-
matic design’s conformance with previously es-
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tablished Performance Targets, and update if 
necessary.

� For projects pursuing LEED certifi cation, revisit 
compliance with previously established LEED 
goals and performance thresholds relative to 
all pursued LEED credits. This process involves 
continuously refi ning targeted performance goals 
in further detail, informed by the above analyses. 
You can use the LEED targets to assist the refi ne-
ment of these goals by looking for interactions 
between credits.

  One diffi culty that we and others have en-
countered on LEED projects is that focusing 

solely on performance targets can lead to per-
formance optimization in silos. Further, and 
more fundamentally, the tasks and responsibili-
ties assigned to team members at workshops 
simply do not get done in many instances. Ac-
cordingly, it is critical to convene interim team 
meetings and subteam meetings to assess the 
status of the necessary research and analysis 
that was identifi ed in the full team workshops; 
otherwise, it is quite easy for teams to fall back 
into a conventional mode of design and docu-
mentation in isolation. Also, these interim meet-
ings are used to identify and pursue systems in-

Figure 6-43 This Athena model graph indicates the relative global warming impacts of the sample project’s various assemblies, providing 
guidance on where to focus priorities—in this case, the dominant impacts are associated with the foundation. By displacing 35 percent of 
the foundation concrete’s portland cement, the results in this graph indicate a 6,000 equivalent metric ton reduction in CO2 emissions when 
compared to the originally specifi ed foundation concrete graphed in Figure 6-17; this reduction equates to more than the total impacts of all 
other structural and shell assemblies combined. Image courtesy of the Athena Institute.
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teractions that are being discovered as design 
options are explored.

� At the conclusion of this stage, the project team 
should fully evaluate the schematic design 
against all Performance Targets and the project’s 
previously established Purpose, values, and as-
pirations.

� Commissioning: Adjust the OPR and BOD to re-
fl ect proposed schematic design

The design team and owner ensure that the OPR and 
BOD have been updated with input from all team 
members to refl ect the current schematic design 
solutions. All such updates should be incorporated 
into the OPR and BOD in preparation for review by 
the entire team at Workshop No. 4.

To reiterate, the responsibility for creating and gen-
erating these OPR and BOD documents must fall on 
the owner and design team, respectively. The Com-
missioning Authority uses these guiding documents 
to compare the schematic design’s consistency 
with the project team’s intentions, as defi ned in the 
OPR and BOD.

B.2.3  Cost Analysis

� Refi ne integrated cost bundling numbers to en-
sure that proposed schemes, systems combi-
nations, and cost scenarios can be evaluated 
with increasing accuracy

It is best to build a Uniformat cost-estimating model 
(or spreadsheet of unit costs) for each identifi able 

Figure 6-44 We used the ATHENA model to analyze the impacts of various measures aimed at lowering our overall impact over a number of 
indicators. This output indicates impact reductions relative to the original design baseline. Image courtesy of the Athena Institute.
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grouping of system elements and components in 
the project. Having this list of elements helps to eas-
ily evaluate and group the materials and subsystems 
of the project that need to be bundled to understand 
the true fi rst cost of integrative decisions and oper-
ating costs.

To illustrate cost bundling, let’s look at how early-
stage cost estimating traditionally occurs for HVAC 
systems. Schematic (and often design development) 
HVAC system estimates are nearly always based on 
a database of cost per square foot. Since the HVAC 
design typically has not yet begun in earnest, the 
HVAC cost estimator has little detail upon which to 
base the estimate, so there is no alternative. Usu-
ally, the HVAC system type has been broadly iden-
tifi ed by the end of Schematic Design—there may 
be an outline specifi cation, but there are few known 
details; hence, a cost per square foot value is used. 
This cost per square foot value typically is based 
on past experience with similar systems for similar 
building types, along with a few other factors that 
might be taken into account, such as recent bid re-
sults from similar projects.

The major problem with this approach on an inte-
grated project’s schematic design is that we often 
are trying to signifi cantly reduce the size of the 
HVAC system by reducing the building’s loads. 
Often, system-size reductions of 40 to 50 percent 
are possible compared to standard practice (as the 
Neptune Midtown Community School example at the 
beginning of this chapter illustrates). Since the data 
used to estimate HVAC system costs are based on 
conventionally sized projects, the cost of the HVAC 
system tends to be overestimated at this stage for 
energy-effi cient projects. However, in an early-stage 
cost estimate, it is very likely that architectural en-
hancements and energy-effi ciency measures that 
are necessary to reduce the HVAC loads will have 
been identifi ed—usually as cost increases. These 
include potential load-reduction strategies like extra 

insulation, triple-pane windows, daylighting design, 
and so on.

So, the early-stage cost estimate often includes 
pricing for all of these “extra” items, but none of 
the fi rst-cost savings due to systems integration 
and system down-sizing have been captured. The 
project appears overbudget. Consequently, many 
of the energy-saving, green features are aban-
doned in the name of value engineering. With an 
integrative process, performance requirements 
have been established, and the development of 
the design is signifi cantly more advanced at this 
stage. Since the cost estimator knows more—par-
ticularly in terms of cost savings associated with 
downsized HVAC components, in this case—a 
more accurate holistic accounting of the true over-
all cost of the project can be developed.

The various cost reductions resulting from down-
sized HVAC components can now be bundled with 
corresponding combinations of estimated costs 
(and/or savings) associated with the EEMs that al-
lowed for this downsizing to occur—EEMs such as 
better-performing windows, more insulation, energy 
recovery, daylighting components (photocell sen-
sors, dimming ballasts, clerestories, etc.), under-
fl oor air system, associated reduction in ductwork, 
lighting power density reductions, elimination of pe-
rimeter heating systems, and so on. When the cost 
impacts of these EEMs are bundled in combinations 
that match the various EEM combinations run in the 
energy model—and bundled with the various cost 
savings associated with downsized HVAC equip-
ment—the project team can compare the cost bun-
dles of various combinations of strategies against 
one another and against the original estimate. In 
this way, the project’s overall fi rst costs often can 
be neutralized, while operating cost associated with 
energy consumption are signifi cantly reduced.
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For example, an early-stage cost estimate for one 
of our Pennsylvania DEP projects included an esti-
mate for an underfl oor air (UFA) system. Since this 
was the fi rst time that that particular estimator had 
priced an underfl oor system, we expected his natu-
ral tendency might be to cover himself with a value 
that was on the high side, which he did. But he also 
included the full cost of installing ductwork in the 
project. Often, UFA systems will displace 80 to 90 
percent of a project’s ductwork, so the estimator’s 
price included the full cost of both. To the credit of 
the design team, in this case, these kinds of dis-
crepancies were identifi ed and the cost estimate ad-
justed. Cost estimating on a line-item basis will often 
yield the wrong answer, just as designing building 
systems in isolation will produce redundancies and 
not an optimal solution.

B.2.4  Schedule and Next Steps

� Adjust and prepare Integrative Process Road 
Map for team review to include tasks and sched-
ule impacts that have emerged from schematic 
design discoveries

Adjust and refi ne this Road Map with the team, as 
necessary, and clarify next steps. Similar to the pri-
or Research and Analysis stages, the schedule of 
tasks, team conference calls, meetings, and analy-

sis processes will almost always need to be altered 
to accommodate the interim meeting dates, times, 
and deliverables that occur between major work-
shops and charrettes.

� Prepare Agenda for Workshop No. 4

The primary difference between the agenda for 
Workshop No. 4 and all prior workshops is that 
the scope of possible design solutions has been 
considerably narrowed to a single architectural so-
lution, with possible variants—it is not subject to 
wholesale or major reconfi gurations. The difference 
here from conventional practice is that all MEP and 
other systems have been evaluated in parallel with 
architectural solutions, rather than waiting for the 
architecture to be locked in before any of the en-
gineers begin their design work. Consequently, 
agenda items for Workshop No. 4 can be far more 
focused on presenting holistic solutions based 
upon interactions between systems, quantifi ed 
performance analyses, and cost implications. As 
a result, activities at the workshop can focus on 
collectively fi nalizing major design decisions and 
verifying their conformance with Performance Tar-
gets prior to moving into the next stage, Design 
Development, where the focus becomes optimiz-
ing these interactions. The next chapter discusses 
this in detail.
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A
ctivities during the Design Development phase 
are meant to do just as the name of this phase 
indicates: develop an already-conceived design. 

At this point in our process, we have produced sub-
stantially more than just an established building form, 
since all of the building’s systems have been addressed 
to a schematic level and analyzed to discover interac-
tions between them. The mechanical, electrical, struc-
tural, civil engineering, water, habitat, landscape, and 

c h a p t e r

Design Development and 
Documentation

7

It is one of our most exciting discoveries that 

local discovery leads to a complex of further 

discoveries. Corollary to this we find that we 

no sooner get a problem solved than we are 

overwhelmed with a multiplicity of additional 

problems in a most beautiful payoff of heretofore 

unknown, previously unrecognized, and as-yet 

unsolved problems.

—R. Buckminster Fuller, from Synergetics: Explorations in 

the Geometry of Thinking, written in collaboration with 

E. J. Applewhite, New York: Macmillan, 1975. Text 

available at: http://www.rwgrayprojects.com/synergetics/

toc/status.html © 1997 by the Estate of R. Buckminster 

Fuller (accessed 15 December 2008)

The only progress that knowledge allows is in 

enabling us to describe more and more in detail 

the world we see and its evolution.

—Albert Schweitzer, quoted by Gunnar Jahn in his 

presentation speech awarding Schweitzer the 1952 

Nobel Peace Prize, from Civilization and Ethics (3rd ed., 

translated by C. T. Campion, revised by Mrs. Charles E. B. 

Russell. London: A. & C. Black, 1946), pp. 240–242
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materials systems have been progressing in unison to 
a reasonably resolved state.

Using the metaphor of a landscape painting, at 
this point in our process the structural composition 
of the painting is set on the artist’s canvas, the scope 
of the scene to be depicted is defi ned and drawn, the 
color palette is understood, and the relationships be-
tween the objects and terrain are established. Develop-
ing the painting is now about the nuances, shadings, 
and details of expression. The way we typically design 
a building with our conventional process would be 
akin to starting with a blank canvas and working at a 
high level of detail from one corner of the frame to the 
other. With this approach, we likely will fi nd ourselves 
without enough room to depict the intended scene, or 
with an imbalanced composition, once we reach the 
lower corner of the canvas.

For a building project implementing integrative 
design, the engineering and land-related systems—
and their relationship to the building design—should 
be understood and agreed upon at the end of Sche-
matic Design. Midlevel calculations should have been 
performed to substantiate these general conclusions, 
so there is no need to rethink fundamental decisions 
about building form, structure, envelope, mechanical, 
electrical, plumbing, and landscape systems during 
Design Development. All the systems in the project, 
then, have been brought to a similar level of commit-
ted design and performance with an understanding of 
their interrelationships before Design Development 
begins—things are no longer being added or taken 
away. The purpose of Design Development is to op-
timize this design—that is, “to make the best or most 
effective use of” the systems already agreed upon.

Of course, there are always exceptions, and a great 
idea may appear in the course of the development 
process that could motivate the team to reconsider 
some major issue—but in general, this is the time to 

fi ne-tune the design solution with more detailed per-
formance calculations.

Documenting the developed design during Con-
struction Documents (CD), then, follows as the last 
phase before fi nal project pricing. The CD phase is not 
entirely a mechanistic process of putting lines on paper 
or into computer-aided design (CAD) fi les, but the fo-
cus should be documenting decisions that were made 
during Design Development at an even higher level of 
detail. Fine-tuning and adjustments will need to be ad-
dressed as surprises and opportunities are found, but 
any decisions being made should occur only at a very, 
very fi ne level of detail during the CD phase.

HERE’S WHERE WE ARE 

There appears to be a commonly understood break be-
tween the Schematic Design and Design Development 
phases in the conventional design process; in practice, 
however, we have seen fewer and fewer clear divisions 
between these phases. Generally speaking, though, we 
typically have accomplished the following at the end 
of conventional Schematic Design:

� The building is designed architecturally, that is, the 
building form—what it looks like—is fi rmly es-
tablished, and we have a visual representation of it 
documented in plans, elevations, and sections.

� Land development plans have been approved—all 
impervious surfaces are defi ned and confi gured, 
vegetated open space is defi ned, stormwater infra-
structure is defi ned and confi gured, parking areas 
have been determined and documented.

� Water and wastewater service utility locations are 
identifi ed.

� Rainwater harvesting may have been identifi ed as a 
possibility.
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� An outline description or narrative describes me-

chanical, electrical, and plumbing (MEP) systems, 

perhaps with an option or two.

� Electrical service size as well as size and location of ba-

sic building service components, such as transformer 

and main utility service lines have been estimated.

� The structural grid is established and the type of 

structural system has been determined (steel, con-

crete, load-bearing masonry, etc.).

� A signifi cant percentage of materials for the build-

ing’s structure and envelope have been selected, as 

indicated on the elevations.

� The architect has completed and conveyed visual 

deliverables to the owner in order to conclude this 

phase and to submit invoices for design fees.

� Code analysis has been completed for determin-

ing building occupants, egress requirements, and 

plumbing fi xture counts.

� Legal issues pertaining to site and environmental 

impact requirements are documented.

� Targeted LEED certifi cation level is established, 

based on identifi ed credits that can be achieved 

most easily.

Leaving Schematic Design and entering conven-

tional Design Development (DD), we send the sche-

matic drawings off to all team members and have them 

design their systems. This work includes the following:

� The architect draws building sections, dimensioned 

fl oor plans, detailed elevations, and detailed wall 

sections.

� The civil engineer fi nalizes all documentation to 

conclude permitting.

� The landscape architect (if one is on the team) lays 

out planting plans for DD pricing.

� The HVAC (heating, ventilating, and air-condi-

tioning) engineer performs block-load and peak-

demand calculations to size central supply compo-

nents and major equipment; these are entered into 

a schedule—e.g., boilers, air handlers, chillers.

� Single-line drawings of distribution systems are 

created for ductwork and piping.

� Energy modeling begins after load calculations have 

been completed near the end of DD or later.

� Cost estimates are established, based on unit costs, 

such as dollars per square foot for the HVAC sys-

tem.

� Value engineering brings the project back into bud-

get by reducing scope and/or quality.

� Each team member tries to determine which of the 

LEED “question mark” credits are the least expen-

sive to convert to “yes” credits on a credit-by-credit 

basis.

In the conventional process, the conclusion of De-

sign Development often occurs at an undefi ned point, 

blending and blurring into the CD phase. During the 

CD phase, all team members document their systems 

and fi nal cost estimating occurs, as follows:

� All design team members make fi nal decisions about 

the systems within their disciplines and document 

them for bidding.

� Specifi cations for each system and its components 

are developed and fi nalized during this phase by 

specifi cation (or spec) writers.

� Near the conclusion of the CD phase, fi nal cost es-

timating takes place, usually followed by one more 

round of value engineering, again bringing the 

project back into budget by reducing scope and/or 

quality.
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STOP AND REFLECT

What’s Working?

Issues identifi ed during Schematic Design are explored 
and pursued in more detail during current Design De-
velopment activities, as described above. Analyses for 
each individual system may inform some of the large-
scale decisions previously made, often resulting in re-
consideration of these issues to improve performance 
and/or achieve budget objectives. The Construction 
Documents phase then documents these decisions. 
This process includes the following benefi ts:

� A clearly understood convention for acceptable 
deliverables and compensation (fees) is used by all 
team members for DD and CD.

� Design and documentation tasks are clearly defi ned, 
and everyone knows what they need to do by inves-
tigating and defi ning their systems components in 
more detail and then documenting them.

� Budgetary issues are addressed through cost esti-
mating, and the means for meeting cost constraints 
is generally agreed upon through accepted value 
engineering practices.

� Clearer defi nitions of systems and components are 
developed and documented.

� Each team member evaluates and documents po-
tential achievement of LEED credits being pursued 
on a credit-by-credit basis to ensure achievement of 
targeted LEED certifi cation level, then submits this 
documentation at the end of the CD phase.

What’s Not Working?

Major design decisions continue to be made in isola-
tion for each system during Design Development and 
Construction Documents (a continuation of the same 
conventional linear process implemented for Schematic 

Design) that protract the duration of design decision-
making. Such decision making extends into the DD and 
CD phases, thereby eliminating the team’s ability to ex-
plore detailed analysis aimed at optimization.

For example, as previously discussed, engineers 
usually wait to begin designing their systems until the 
architectural design is solidifi ed, for fear that it will 
change. Generally, this is because the engineers have only 
enough fee to size and document their systems once; 
there is not enough time or fee to investigate alternative 
design possibilities and iterations. Consequently, their 
analysis surrounding major design decisions is initiated 
in late Design Development, only after the architectural 
design has been completed. This is a linear, rather than 
holistic, approach that leaves barely enough time to size 
and document systems and their components, let alone 
optimize them. We have often heard engineers say, 
“How can I size my systems before you guys are done 
with the building design?” The architects say, “How can 
you possibly run an energy model, if I haven’t fi nished 
designing the building yet?”

As a result, energy modeling generally occurs only 
after the architectural design is fi nalized and, worse, 
after all engineering load calculations have been com-
pleted. The HVAC engineer, therefore, spends little or 
no time focusing on load reductions, because there are 
no measurable means to do so—and little time left in 
this phase, since so much of it is spent waiting for fi -
nal architectural design solutions and performing load 
calculations for equipment sizing. Accordingly, energy 
modeling often is relegated to an after-the-fact assess-
ment of performance, so it cannot be used to inform 
design decisions. Further, when load reductions are ad-
dressed, they largely are limited solely to those that can 
be achieved within the purview of the HVAC engineer 
(higher effi ciency equipment), as we have seen. The 
HVAC engineer does not analyze options for all other 
components that can impact loads, such as augmenting 
the thermal properties of the building envelope, because 
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HVAC design does not begin until the architectural de-
sign is complete—this is a fragmented process and a 
circular dead end in terms of energy performance.

Additionally, previously allotted mechanical space 
in this near-fi nal architectural solution often is discov-
ered to be inadequate—or is not provided at all until 
late in the DD phase. This results in compromises else-
where and more delays, further limiting analysis time 
and any potential effi ciencies associated with HVAC 
distribution systems.

Team members are incentivized to complete de-
sign as quickly as possible to meet contractual obliga-
tions and receive payment, often by using off-the-shelf 
solutions, instead of exploring interrelationships and 
potential for optimization. In brief, the primary con-
sequences of our nonintegrative conventional process 
during Design Development and Construction Docu-
ments include the following:

� Land development plan approvals lock the team 
into stormwater solutions before design has been 
analyzed and completed.

� Landscape and building solutions are viewed as 
separate from each other, thereby missing signifi -
cant opportunities for promoting habitat and bio-
diversity in mutually benefi cial ways that can con-
tribute to the health of the place.

� A lack of systems analysis and coordination during 
Schematic Design limits the opportunities to further 
analyze and optimize systems interactions in DD.

� The design of major systems does not begin until 
late in this phase: Often, the selection of HVAC 
equipment is not even done during DD,  and is put 
off until the CD phase, thereby limiting the ability 
to explore optimization and the accuracy of cost es-
timates or cost bundling.

� Project-specifi c specifi cations for these equipment 
selections (and virtually all other building systems) 

usually have not begun until the CD phase, which 
further limits accurate cost estimating during DD.

� Value engineering eliminates components and green 
technologies, since these are seen as isolated or su-
perimposed technologies or products that have not 
been designed as interdependent and interrelated, 
nor optimized into a holistic solution.

� LEED credits are pursued in isolation, often by add-
ing technologies within the bounds of conventional 
practice or by adding less conventional products 
that easily become low-hanging fruit for elimina-
tion during value engineering at the beginning and 
end of DD.

In short, we have not even fi nished making de-
sign decisions about many systems by the end of 
DD, let alone invested time in optimizing these sys-
tems. As a result, major design decisions are left for 
the Construction Documents phase, a phase during 
which we should be documenting, not designing—
this leaves little or no time for optimization, so it 
rarely happens.

How Can We Do (and Think about) This 
Differently?

Design Development is about looking in detail at 
systems interrelationships and fi ne-tuning systems 
components via iterative and more progressively de-
tailed analysis. Integrative design assures that major 
design decisions already have been made by the end 
of Schematic Design, so that such analysis can oc-
cur. Design Development is about optimizing these 
decisions—fi rst, by verifying that the team’s agreed-
upon range of Performance Targets has been met, 
then by fi ne-tuning component selections, so that 
these components and systems can be properly sized, 
confi gured, and optimized to meet more specifi c and 
detailed Performance Targets.
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In the integrative design process, Design De-
velopment can accomplish this in less time than the 
conventional process, as indicated in the Integrative 
Design Process diagram discussed at the beginning 
of Chapter 5 (see Figure 5-2 or C-1). This is because 
we already have explored and analyzed interrelation-
ships between the four key subsystems (habitat, water, 
energy, and materials) and many of their components 
in order to ensure that the range of Performance Tar-
gets established early on can be achieved and often ex-
ceeded. So, for example, at the beginning of DD in an 
integrative design process, we have already:

� integrated wastewater and stormwater systems with 
promoting habitat.

� analyzed water balancing strategies.

� tested and integrated into the project’s DNA day-
lighting concepts via schematic daylighting simula-
tion models.

� completed load reduction analyses via parametric 
energy modeling in conjunction with orientation, 
building envelope, lighting, and HVAC systems 
options.

� analyzed these HVAC systems options for meeting 
the established range of reduced loads and per-
formance targets, and selected the most appropri-
ate HVAC system type (ground-source heat pump 
[GSHP], boiler, chiller, etc.), or at worst, limited 
this selection to no more than one or two systems 
with variants.

� analyzed major materials systems options (at least 
for structure and envelope systems) over a wide 
range of environmental impact indicators via life 
cycle assessment (LCA).

� performed cost bundling analyses for systems com-
binations (rather than line items only) to evaluate 
cost scenarios with increasing accuracy.

Since this analysis already has been completed, 
we can make more informed and optimized fi nal 
design decisions during DD. The team can focus on 
ever-increasing levels of detailed analysis and cost-
estimating to make these fi nal smaller-scale design 
decisions, which might include, for example: the lay-
out of effi cient distribution systems, fi nal sizing of 
all system components, completion of draft specifi ca-
tions, and cost analyses for all major systems and com-
ponents that accurately assess bundled cost impacts.

As a result, at the end of Design Development, the 
design is completed. We sometimes like to say that 
concluding “DD” means Design is Done. This means 
that the team needs to recognize the DD phase as hav-
ing a defi ned duration with an explicit end point. The 
Construction Documents phase, then, can consist 
of documenting, as intended by its very name. It can 
proceed by documenting the design, not by design-
ing while documenting. Therefore, signifi cantly less 
time is required for this phase as well, which makes 
up for the additional time required during the Discov-
ery phase, again as indicated in the Integrative Design 
Process diagram discussed in Chapter 5 (see Figure 
5-2 or C-1).

Further, we have seen that when the CD phase 
is characterized by “documenting the design,” not 
by “designing while documenting,” fewer errors and 
omissions generally result, primarily due to the inher-
ent coordination of all systems. The conventional pro-
cess typically depends on an eleventh-hour attempt to 
achieve such coordination between systems via a qual-
ity control review of the 90-percent-complete CD sets 
of documents submitted by all disciplines. By contrast, 
coordination between systems is built into the design 
throughout the integrative process. As a result, this in-
herent coordination can signifi cantly reduce change 
orders. The U.S. Navy reports that a deeply integrated 
green process, along with design-build delivery (en-
suring participation of the builder during design), 
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has consistently allowed them to reduce change or-
ders by 90 percent on their LEED Gold projects. Since 
the Navy typically holds 6 to 10 percent contingency 
for change orders on their projects, this translates to 
LEED Gold buildings coming in at 1 to 2 percent less 
than conventional construction cost.

The point is that integrative design is really noth-
ing but good systems design. Good systems design re-
quires that the people representing each system need 
to be in close and continuous relationship to discover 
synergies between systems, as we have tried to drive 
home throughout this book. Therefore, good integra-
tive design really constitutes high levels of Total Qual-
ity Management.

In summary, we have found that if design teams 
have not done the necessary systems thinking, integra-
tion, and analyses described in Chapters 5 and 6 dur-
ing the Discovery and Schematic Design phases, there 
are few interventions—if any—that can be made dur-
ing the DD and CD phases to improve systems opti-
mization and improve quality control cost-effectively 
and in a timely manner—hence the conventional ad-
age “pick any two: good, fast, or cheap.”

Mental Model Shift

If the mental model for Schematic Design is allowing 
oneself not to have the answers too quickly, Design 
Development is about selecting and fi nalizing the best 
answers.

Such a mental model shift mandates thinking of 
DD as a discrete phase, not just an initial part of the 
Construction Documents phase, as mentioned above. 

To reiterate, the end of this phase should constitute 
the conclusion of making design decisions; again, at 
the end of this stage, DD stands for “Design is Done,” 
but during this stage, it stands for Designing in Detail.

As we have seen, this mental model focuses on 
thoroughly vetting design ideas with increasingly 
higher levels of detail, requiring a continuous process 
of design iterations and communication between all 
team members from the outset. A quote from The 
Toyota Way—14 Management Principles captures this 
model succinctly:

The key to the Toyota Way and what makes 
Toyota stand out is not any of the individual 
elements.…But what is important is having 
all the elements together as a system. It must 
be practiced every day in a very consistent 
manner—not in spurts.

Continually focusing design activities on the in-
teractions between all systems, beginning from the 
earliest stages in the design process, allows for a pro-
gressively higher level of detailed analysis of all sys-
tems in Design Development, thereby reducing the 
time and fee required to complete this phase and, in 
turn, reducing the time required to complete Con-
struction Documents. Conversely, the CD phase in 
the conventional process often proceeds in spurts, 
frequently taking two steps forward, then one back-
ward. One of our partners describes this by remem-
bering the wry advice he was given by the CD pro-
duction manager at his fi rst architectural fi rm: “Nev-
er draw more in the morning than you can erase in 
the afternoon.”
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Figure 7-1 Integrative Process 

Stage B.3, Workshop No. 4: De-

sign Development Kick-Off. Image 

courtesy of 7group and Bill Reed; 

graphics by Corey Johnston.
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Stage B.3
Workshop No. 4: Design Development Kickoff—It Is Brought Together; Does It Work?

B.3.1  Workshop No. 4 Activities
� Present schematic design solutions from Stage B.2 Research and Analysis and verify that the ranges of 

Performance Targets are being met for the four key subsystems:

� Habitat

� Water

� Energy

� Materials

� Verify that schematic design solution meets building program requirements and environmental perfor-

mance objectives

� Commit to building form, confi guration, and systems interrelationships that will be analyzed in further de-

tail for optimization during Stage B.4 Research and Analysis

� Identify the systems components variants that will require more detailed cost bundling analysis

� Identify Measurement and Verifi cation (M&V) methods and opportunities for providing continuous perfor-

mance feedback

� Commissioning: Identify where the OPR and BOD require updating

B.3.2  Principles and Measurement
� Document adjustments to Performance Targets that refl ect schematic design solution

� Commissioning: Adjust OPR and BOD to refl ect schematic design solution

B.3.3  Cost Analysis
� Expand any integrative cost bundling templates to refl ect input from Workshop No. 4

B.3.4  Schedule and Next Steps
� Refi ne and extend forward the Integrative Process Road Map tasks and schedule through Design Develop-

ment

� Distribute Workshop No. 4 Report
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Stage B.3

WORKSHOP No. 4: Design Development 
Kickoff—It Is Brought Together; Does It 
Work?

At this point, Schematic Design documents have been 

submitted to the owner as a single architectural solu-

tion, with possible variants. The team now has an under-

standing of the interrelationships between the four key 

subsystems and the project’s potential for achieving the 

Performance Targets within the ranges defi ned during 

Discovery and analyzed during Schematic Design. The 

pieces have been brought together into a building form 

to which the team now needs to commit collectively by 

validating that the schematic solution falls within these 

ranges for all Performance Targets, before engaging 

more detailed optimization analysis in Stage B.4, Design 

Development.

In essence, Workshop No. 4 functions both as a 

Schematic Design sign-off and as an organizational 

meeting for outlining Design Development activities. 

The benefi t of breakout groups at this point likely is lim-

ited; rather, the team as a whole needs to verify that all 

the threads have been brought together. Then the team 

needs to identify any gaps in the schematic analyses 

that will need to be addressed, by engaging more re-

fi ned analysis, in order to reach higher levels of perfor-

mance within these ranges of Performance Targets.

B.3.1  Workshop No. 4 Activities

� Present schematic design solutions from Stage 
B.2 Research and Analysis and verify that the 
ranges of Performance Targets are being met 
for the four key subsystems

This workshop can begin by presenting the team’s 

fi nal schematic design solution (with optional vari-

ants) that resulted from Stage B.2 Research and 

Analysis, in the form of drawings and supporting 

quantifi ed data regarding systems performance. 

The purpose of this workshop is to validate col-

lectively as a team that all the systems have been 

brought together in supportive relationship with one 

another during Schematic Design. The focus here 

is to ensure that the four key subsystems are work-

ing together as a whole: Does it all work? Are these 

systems reinforcing one another? Are we meeting 

all of our Performance Targets? Further, can we 

fi nd even more overlap between systems? Can we 

push Performance Targets to a higher level? As we 

will see, asking these and other questions leads 

to more highly integrated solutions that augment 

performance, sometimes via counterintuitive dis-

coveries.

� Habitat (biotic systems other than human)

• Verify the relationship of the proposed systems 

and building form with objectives aimed at 

the health of biotic systems relative to Perfor-

mance Targets, and identify any potential gaps 

for further detailed analysis. Ask, for example:

• Have the landscaped areas, green roofs, 

bioswales, and other infi ltration strategies 

been sized collectively to neutralize runoff 

quantity, to meet the water quality targets, 

and to meet biodiversity goals?

• Is there adequate rainwater retention capa-

bility between all strategies and components 

(cisterns, xeriscaping, irrigation system effi -

ciencies, planting densities, etc.) to accom-

modate irrigation requirements based on 

varying rainfall patterns? 

• Are there adequate constructed wetland ar-

eas to accommodate waste demand fl ows 

and contributions to stormwater manage-

ment and groundwater recharge?

• What are the quantifi ed results, accord-

ing to the energy modeling results, of the 

landscaping scheme’s impact on thermal 

comfort, e.g. the impact of shading of south-

facing glazing?
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• Do we have adequate habitat corridors and 

vegetated areas to accommodate the pro-

posed habitat needs of specifi c species, 

both fl ora and fauna?

� Habitat (human)

• Verify the relationship of the proposed systems 

and building form with human health and per-

formance objectives relative to Performance 

Targets, and identify any potential gaps for fur-

ther detailed analysis. Ask, for example:

• Have targeted daylighting performance ob-

jectives been met in terms of providing ad-

equate footcandles and glare reductions over 

varying times of the year and solar exposures 

(as modeled by daylighting software) in con-

junction with meeting modeled energy tar-

gets via parallel energy modeling? Additional 

levels of details to consider might include the 

precise placement and dimensions of exterior 

shading devices, visible light transmission of 

the glazing, and internal glare controls.

• Does thermal comfort analysis indicate that 

targeted thermal comfort ranges and indi-

vidual thermal comfort goals have been met 

while achieving energy Performance Targets, 

perhaps via nonmechanical means, such as 

natural ventilation strategies? Discuss the de-

sign implications of the chosen strategies.

• Have targeted ventilation capacities for all oc-

cupancy functions, ventilation effectiveness, 

and air fi ltration criteria been met without neg-

atively impacting overall energy performance, 

such as needing to increase fan size and ca-

pacity? If not, how can this be addressed?

• Do the targeted levels of indoor air quality 

appear achievable relative to proposed ma-

terials choices and pollutant source control 

strategies?

• Have acoustical performance criteria been 

met in terms of sound transmission class and 

background noise relative to proposed mate-

rials selection, daylighting strategies, window 

orientation away from noise sources, and lo-

cations of HVAC equipment noise sources?

• Example: In 2002, during the Design Develop-

ment kickoff stage for our third Pennsylvania 

(PA) Department of Environmental Protection 

(DEP) project (a 20,000 square foot rural fi eld-

offi ce building), the owner-developer called us 

with a concern: He said, “I need help: I just re-

alized that one of my staff underestimated the 

project’s construction cost when we submitted 

our lease numbers to the state. Is there anything 

at all we can do to reduce the project cost, since 

I’m contractually obligated to meet these num-

bers?” This was the second DEP project that we 

had worked on with this developer, so he was 

familiar with the trade-offs between thermal en-

velope, HVAC system sizing, perimeter heating, 

and energy savings that we had learned on the 

prior project with him (DEP Cambria). Neverthe-

less, he suggested (among other things) that 

one option might be to replace the triple-glazed 

windows with double glazing for the north-fac-

ing clerestories that ran the entire length of the 

building. He told us that this could save around 

$7,000—relative to the project’s size, this was 

not a small savings, around $0.35 per square 

foot. We replied that we did not think we could 

do this because of those trade-offs. But he 

pushed us to at least run this option through our 

energy modeling analysis.

  We did so reluctantly. The modeling results 

told us that this change would result in a surpris-

ingly low energy cost increase of less than $150 

per year. We were shocked, and at fi rst we could 

not fi gure it out: “Why is the impact so low?!” 
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Then it dawned on us: Of course! The double-

glazed windows have a higher visible light trans-

mittance (Tvis). As a result, since all of the light-

ing in the spaces daylighted by these cleresto-

ries was controlled with photocell sensors and 

dimming ballasts, the lights now would be com-

pletely dimmed far more often, consuming less 

energy for lighting and producing less heat that 

would need to be cooled by the HVAC system. 

The energy increase for heating and cooling due 

to the heat gain and heat loss through less insu-

lating windows was almost completely offset by 

the energy reductions associated with the lights 

being on far less often.

2 Figure 7-2 Using double-glazed windows for the north-facing cleresto-

ries (upper right) instead of triple-glazed windows for our third Pennsylvania 

DEP project (the DEP California fi eld offi ce) resulted from counterintuitive 

energy modeling results. Image courtesy of John Boecker.

5 Figure 7-3 Solar shading devices on the south-facing windows of 

the DEP California project are part of an integrative approach that reduced 

the HVAC system’s cooling capacity by 50 percent and annual energy 

costs by over 40 percent. Images courtesy of John Boecker.
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  Consequently, the simple payback for the 

triple glazing turned out to be nearly fi fty years. 

Also, since these clerestories were located an 

adequate distance from occupants in the center 

of the building, any impacts relative to perimeter 

thermal comfort were obviated. In short, the tri-

ple glazing could not be justifi ed. We called the 

developer and told him the good news.

  What we learned from this is that not all solu-

tions are applicable to all projects. Every proj-

ect is unique. What works well for one project, 

might not be the best answer for another—

question assumptions. Sometimes, analysis 

produces counterintuitive results.

� Water

• Verify the relationship of the proposed systems 

and building form with water conservation and 

quality objectives relative to Performance Tar-

gets, and identify any potential gaps for further 

detailed analysis. Ask, for example:

• Have all the water-related systems in the 

building and on the site been analyzed and 

quantifi ed in terms of potable water con-

sumption and quantifi ed cascading bene-

fi ts—not simply the water effi ciency impacts 

of toilet room fi xtures, but all systems related 

to water fl ows, such as cooling tower wa-

ter makeup, equipment washing, process 

water use, habitat irrigation, groundwater 

recharge, waste treatment, gray water, rain-

water catchment, and so on?

• Does the quantity and availability of treated 

wastewater, rainwater, and/or process water, 

such as cooling coil condensate, meet the 

quantifi ed demand for use in toilets and other 

potential nonpotable uses, such as irrigation?

• Example: During a recent Goal-Setting Work-

shop for the Miami Trace Middle School project 

in central Ohio, the project team was review-

ing the pursuit of LEED-NC Sustainable Sites 

Credit 5.1, which required (for this previously 

developed site) that 50 percent of the site area, 

exclusive of the building footprint, be restored 

with native and adaptive vegetation. Based on 

pricing estimated by the landscape architect 

for specifying native planting, the team be-

lieved that this would be too costly, since the 

required restored area equated to twenty-one 

acres. So the credit was left as a low-priority 

question mark.

  This issue came up again later, during a 

stormwater management discussion with the 

civil engineer and the team. During this discus-

sion, it was mentioned that a new elementary 

school had just been completed on a somewhat 

smaller site, directly adjacent to the planned 

middle school. Since the ground sloped mini-

mally toward the road, a huge stormwater 

detention basin had been installed in front of 

the elementary school. This basin was a visual 

eyesore that the community did not like. The 

landscape architect then spoke up: “What if 

we create a rain garden planted with native 

plants in front of the new school that could 

serve as stormwater retention?” His idea linked 

native planting with stormwater management, 

groundwater recharge, habitat health, aesthet-

ics, and an educational function since this new 

wetland could provide middle school students 

an opportunity on site for studying botany and 

biology. Everyone agreed that this was a great 

suggestion. Breakout groups worked to de-

velop this idea, including connecting this rain 

garden to another one in the courtyard that was 

emerging in several design schemes.

  As it turned out, further analysis later revealed 

that this solution, when cost bundled, garnered 
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enough savings from eliminating most of the 

stormwater conveyance system to pay for this 

rain garden and all of the required native plant-

ing for the rest of the site. Not only that, but 

enough money was left over to renovate the 

detention basin on the elementary school site 

into a rain garden as well, thereby eliminating 

the eyesore on the adjacent site left over from 

the previous project. It also should be noted 

that the facilities manager calculated an an-

nual maintenance savings of several thousand 

dollars due to the elimination of mowing what 

otherwise would have been turf grass.

� Energy

• Verify the relationship of the proposed systems 

and building form with energy effi ciency and 

renewable energy objectives relative to Perfor-

mance Targets, and identify any potential gaps 

for further detailed analysis. Ask, for example:

Figure 7-5 Sketches from an early design workshop breakout group 

depict the fi rst ideas for the rain gardens concept at Miami Trace Middle 

School that later developed into the solution depicted in Figure 7-4. Im-

ages courtesy of Marcus Sheffer.

Figure 7-4 This sketch presented by the landscape architect at a Miami 

Trace Middle School team workshop depicts large wetland and rain garden 

areas that collect and infi ltrate rainwater, thereby eliminating a much more 

costly system of stormwater detention and conveyance for the new middle 

school (located to the right of the road). The concept was generated at an 

earlier team workshop (see Figure 7-5). Image courtesy of Marcus Sheffer.
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• Which combination of energy-effi ciency 

measures (EEMs) from parametric energy 

modeling runs appears to result in the most 

effi cient building in terms of both energy 

consumption and cost? Have all the related 

systems been analyzed and designed to 

contribute? Such systems would include 

building orientation, thermal envelope, shad-

ing devices, daylighting strategies, percent-

age of glazing openings, thermal comfort 

parameters, ventilation approaches, water 

conveyance strategies, HVAC system type, 

renewable energy generation, etc.

• Have all possible load reduction parameters 

that might be used to augment energy per-

formance been analyzed in the parametric 

modeling effort? Often, for example, exterior 

aspects of the building are not considered, 

such as tree shading and nearby shading 

from other buildings, prevailing winds, etc.

• Has thermal comfort been analyzed from the 

perspective of its impact on energy perfor-

mance via strategies like operable windows 

and other hybrid cooling techniques such 

as ceiling fans, controlled natural ventilation, 

whole building ventilation, and so on?

• Now that we have optimized the larger-load 

impacts on the HVAC system, we need to 

optimize the design details. What are the 

potential options that could be evaluated by 

the energy model during the DD phase to 

optimize HVAC system performance?

• Example: A new offi ce building in the inter-

mountain western U.S. debated using a direct-

indirect evaporative cooling system instead of 

vapor compressive air-conditioning. However, 

there was a problem: for a week or two in the 

summer, the humidity was calculated to be too 

high to bring the indoor sensible temperature 

down enough to fall within comfort range. The 

energy savings offered by the evaporative cool-

ing were signifi cant but needed to be augment-

ed through the use of ceiling fans and operable 

windows. The client had a very important role 

to play in the decision. They could decide on 

business as usual, or they could consider the 

benefi ts of operating a building that would re-

quire more engaged occupants for two weeks 

out of the year. Occupants would have to be 

taught that a thermostat is not the only control 

mechanism, and that opening windows and 

using ceiling fans could provide a comfortable 

environment. In this case, the building owner 

(and his assessment of occupant participa-

tion) became the deciding factor for an effi cient 

building—not just the engineers and architect.

� Materials

• Verify the relationship of the proposed systems 

and building form with material choices relative 

to Performance Targets, and identify any po-

tential gaps for further detailed analysis. Ask, 

for example:

• Do the results of the LCA indicate that the 

environmental impact targets (prioritized in 

Stage B.1) have been met for the building’s 

structural and envelope systems—metrics 

such as embodied-energy targets, carbon 

footprint budget, human toxicant limits, etc.?

• Are the proposed materials for structural 

and envelope systems likely to support as 

many environmental objectives as possible, 

considering factors such as intended ser-

vice life, manufacturers’ social responsibil-

ity, community safety, habitat health and 

stability, long-term living system viability, lo-

cal and atmospheric toxicant burden due to 

leeching and disposal, etc.?
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• Are the proposed materials for structural and 

envelope systems able to be disassembled 

easily and redistributed or reused when the 

building reaches the end of its Service Life?

• Are the proposed materials consistent with the 

Service Life criteria established in Stage B.1?

• Are proposed materials able to be reabsorbed 

into the local ecosystem when disposed?

• Once these questions have been explored, the 

team should continue by:

• Beginning a focused discussion on fi nish 

materials.

• Seeking opportunities to use structure as 

fi nish.

• Framing the research and analysis structure 

for investigating fi nnish materials during De-

sign Development.

• Choosing appropriate LCA model for fi n-

ishes. (In North America BEES is the most 

appropriate.)

• Example: One of the general principles in build-

ing near the ocean is that one should not build 

on a coastal sand dune, due to its ecosystem 

and the protection it offers the estuary system 

and land behind it. We and our colleagues at 

Regenesis were confronted with just this com-

promising situation at the Playa Viva project, 

the ecoresort project in Juluchuca, Mexico, that 

was discussed in Chapter 4. We had originally 

assumed that we would be building on the land 

inland from the estuary systems, but due to 

the low elevation of this land, the client wanted 

to locate some casitas (small houses) on the 

coastal dune. We refused and offered to leave 

the project because of the ethical compromise 

this represented for us. The client, David Leven-

thal, challenged us to live up to our belief that 

most situations can be reconciled (harmonized) 

and not simply compromised (conceded). Af-

Figure 7-6 These images show 

tests used to evaluate the ability of 

transplanted palms (technically a 

grass) to reestablish themselves 

such that they are able to hold 

the living matrix of sand and soil 

together (they did) and the process 

of structural testing to use them 

as “living columns” for casitas at 

Playa Viva, an ecoresort in Julu-

chuca, Mexico. Images by David 

Leventhal, Playa Viva, http://www.

PlayaViva.com.
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ter a two-hour meeting, we agreed that the only 

way to effectively “build” on a sand dune would 

be to avoid concrete and rigid surfaces and to 

use only plants to help hold and restore the al-

ready damaged dune system. We spent a few 

weeks researching the possibility of using the 

abandoned palm trees from the palm plantation 

that was on the site, and we found that mature 

trees are easily transplanted. By transplanting 

these mature palms, we could use them to form 

a matrix of “living columns” to support the ca-

sita platforms with their roots knitting together 

and stabilizing the dune. In addition, it turned 

out that the casitas could be built entirely from 

these palm trees as well—beams, fl ooring, 

palapas (palm-leaf thatching). Eventually, how-

ever, another local wood was substituted for the 

beams due to the short structural life span (ser-

vice life) of the palm wood. The structure was 

local, living, easily repaired or rebuilt in the event 

of future storm events, and it helped stabilize 

the dunes to support habitat health.

� Verify that schematic design solution meets 
building program requirements and environ-
mental performance objectives

� As discussed above, the group evaluates the 

schematic design solution in terms of alignment 

with the project’s Performance Targets and also 

with its initially established purpose, values, aspi-

rations, and principles. This is the fi nal opportunity 

for ensuring alignment with these guiding princi-

ples and for making any signifi cant changes.

� The group reviews the status of the project rela-

tive to its green building assessment tool goals. 

If pursuing LEED, verify the status of all targeted 

credits.

� Commit to building form, confi guration, and sys-
tems interrelationships that will be analyzed in 

further detail for optimization during Stage B.4 
Research and Analysis

� The team collectively commits to the building 

form resulting from Schematic Design efforts, in-

cluding any potential variants that may need to 

be addressed during the more detailed analysis 

of Stage B.4—another reinforcement that the de-

sign is fully “owned” by all team members.

� Evaluate the quantifi ed data from the Schematic 

Design effort, and identify where potential aug-

mentation might be possible via deeper interrela-

tionships or adjustments. Outline procedures for 

the detailed analysis to be engaged for optimiz-

ing and verifying performance during Stage B.4 

Research and Analysis.

� Identify the systems components variants that 
will require more detailed cost bundling analy-
sis

Identify any variants, changes in components, or 

systems design adjustments that emerge during 

Workshop No. 4 and may have cascading cost im-

pacts; consequently, any such impacts should be 

discussed, so that additional cost bundling analysis 

can be conducted during Stage B.4.

� Identify Measurement and Verifi cation (M&V) 
methods and opportunities for providing con-
tinuous performance feedback

The team needs to discuss the methodology that 

will be employed to provide performance feedback 

to establish the parameters for creating a draft Mea-

surement and Verifi cation (M&V) plan during Stage 

B.4 by asking:

� How will the energy (and water) consumption 

savings be predicted?

� What will be the extent of the built-in monitoring 

and/or submetering?

� What end uses or systems are intended to be 

measured and how?
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� Which of these systems can be confi gured, 

zoned, and circuited to enable the use of por-

table data loggers or clamp-on meters?

� Are the systems and end uses simple enough 

that submetering will not be necessary?

� Who will collect the required data, calibrate the 

calculations used to make predictions, compare 

measured versus projected performance, and 

reconcile the difference?

� Will additional expertise beyond the capabilities 

of the building facilities managers be required to 

implement the M&V Plan?

� Commissioning: Identify where the OPR and 
BOD require updating

The ways in which any adjustments to the Schemat-

ic Design solution and/or Performance Targets may 

affect the evolving Owner’s Project Requirements 

(OPR) and Basis of Design (BOD) need to be identi-

fi ed during the workshop, so that these documents 

can be updated accordingly. The Commissioning 

Authority can facilitate this discussion.

B.3.2  Principles and Measurement

� Document adjustments to Performance Targets 
that refl ect schematic design solution

Any performance adjustments resulting from Work-

shop No. 4, as described above, need to be docu-

mented and distributed to the project team to ensure 

that all team members understand their responsibili-

ties for engaging, coordinating, and integrating the 

identifi ed detailed analysis required during Stage 

B.4. For projects pursuing LEED certifi cation, a re-

vised LEED scorecard also should be distributed to 

the project team that documents updates and revi-

sions to the status of each credit being pursued.

� Commissioning: Adjust OPR and BOD to refl ect 
schematic design solution

� Again, it is the design team’s responsibility, with 

owner input, to make any revisions to the OPR 

and BOD that refl ect any adjustments resulting 

from Workshop No. 4, as described above. At 

this point, however, such revisions become few-

er and fewer, so that maintenance of these docu-

ments may become a task of merely refl ecting 

decisions made by the team. Such documenta-

tion is still critical to avoid having to reconstruct 

it later in the process. Remember, these docu-

ments are intended to convey to the construc-

tion professionals the story of why systems have 

been designed the way they have been.

� It is important to note that the OPR and BOD 

also serve as tools for helping the owner’s non-

technical representatives understand what they 

are getting, so that they are not surprised when 

they walk in the building. As the OPR and BOD 

henceforth evolve during the DD and CD phas-

es, though, there also can be impacts of an in-

creasingly technical nature, particularly with re-

gard to more detailed specifi c parameters and 

team members’ responsibilities. While at this 

stage, the impacts tend to be more subtle than 

pronounced, the subtleties beg an even more 

intentional update of these documents. These 

updated documents need to be distributed to 

the entire team, and each team member should 

be asked to provide their approval, indicating 

that they understand and agree with the provi-

sions within them. Their approval of the technical 

aspects of these documents is important, since 

the OPR and BOD really provide the only vehicle 

for nontechnical stakeholders to understand the 

building systems.

� At this point, the Commissioning Authority is 

beginning to frame the thinking that will create 

a Commissioning Plan, which is informed and 

guided by the OPR and the BOD. Again, the 

Commissioning process is aimed at assuring 
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that the fi nal outcome represents a building de-

sign that is based on the owner’s requirements.

B.3.3  Cost Analysis

� Expand any integrative cost bundling templates 
to refl ect input from Workshop No. 4

Additional cost bundling analysis identifi ed during 

Workshop No. 4 activities, as described above, likely 

will be required only where cascading cost impacts 

are not obvious or simply combined with already-

established bundles. Also, as a Construction Phase 

Commissioning Plan begins to take shape, cost con-

siderations for contractor involvement in commission-

ing during construction must be estimated and realis-

tically revealed. This is not to say that signifi cant ad-

ditional cost is expected, but it should now become a 

real consideration—and quantifi ed if applicable. This 

is discussed further in Stage B.5.3 below.

B.3.4  Schedule and Next Steps

� Refi ne and extend forward the Integrative Pro-
cess Road Map tasks and schedule through 
Design Development

Adjust overall schedule and set target dates for 

tasks associated with integrating the more detailed 

analysis to be engaged during Stage B.4—identify 

meetings that will be required to accommodate the 

necessary communication between team members 

as all systems are fi ne-tuned.

Although this constant reminder about updating the 

Road Map may appear to be redundant, we have 

seen repeatedly that without the rigor of such pro-

cess mapping, team members at this point often 

return to their silos and to the conditioned and fa-

miliar pattern of “optimizing components in isola-

tion”; when this happens, performance becomes 

compromised. The challenge we face, then, is to 

maintain deeper levels of interaction between team 

members so this siloing tendency can be avoided. 

Additionally, this Road Map encourages more shar-

ing of the development sketches and analysis being 

generated, so that the impacts of all decisions on all 

systems are known to all.

In other words, it is at this point that we see many 

design teams collapse in their effort to achieve deep 

integration and revert back to “getting the job done.” 

This is the point in the process when good intentions 

and the results from earlier stages can be jeopar-

dized unless there is a coordinated effort to continue 

integrating and confi rming “true performance.” The 

client is a critical driver at this stage—i.e., the client 

can become the cheerleader inspiring the team to 

strive for deeper achievement.

� Distribute Workshop No. 4 Report

Once again, it is important to document the results 

of each workshop and therefore distribute a report 

containing the following for Workshop No. 4:

� Meeting notes recording the assessment of all 

Performance Targets, additional fi ndings, results, 

refl ections, etc.

� Updated Metrics and Performance Targets—

include updated LEED checklist, if applicable

� Updated integrative cost bundling template for 

any new and more detailed analysis identifi ed

� Process Road Map spreadsheet of schedule and 

tasks

� Updated OPR and BOD for team approval

� Next Steps
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Stage B.4
Research and Analysis: Design Development—Optimization

B.4.1  Research and Analysis Activities: Design Development

� Engage detailed analysis of systems interrelationships with continuous iterations between disciplines

� Validate achievement of Performance Targets for specifi c components of the four key subsystems

� Habitat

� Water

� Energy

� Materials

� Obtain input and feedback from builder on all systems

B.4.2  Principles and Measurement

� Document in detail and validate building performance results against Performance Targets

� Prepare draft Measurement and Verifi cation (M&V) Plan

� Commissioning

� Invite the Commissioning Authority to review design progress and identify opportunities for further opti-

mization and potential confl icts

� Identify the preliminary list of systems to be commissioned

� Prepare preliminary Commissioning Plan

B.4.3  Cost Analysis

� Utilize integrated cost bundling templates to optimize value and performance (true value engineering) to 

conclude cost analysis for all major systems

B.4.4  Schedule and Next Steps

� Extend forward the Integrative Process Road Map tasks and schedule through the Documentation phase 

and begin integrating with the builder if this has not yet occurred

� Prepare Agenda for Workshop No. 5

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.
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CoVO

CoVo OVV

pancy,Part C – Occup
and Operations, 

eedbackPerformance Fe

Figure 7-7 Integrative Process 

Stage B.4, Research and Analysis: 

Design Development. Image 

courtesy of 7group and Bill Reed; 

graphics by Corey Johnston.
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Stage B.4

Research and Analysis: Design Development 
(Optimization)

As described at the beginning of this chapter, Design 

Development is about optimization. Accordingly, during 

this stage, team members are fi ne-tuning the details 

of their systems, components, and system interrela-

tionships via iterative and more progressively detailed 

analysis. The conclusion of Design Development con-

stitutes the conclusion of making design decisions. It 

bears repeating, then, that activities during DD focus 

on “Designing in Detail,” except for at the fi nest level, 

which remains for Construction Documents; therefore, 

“Design is Done” at the end of this stage. What is meant 

by “Done” here is that the design of all systems that 

support the Performance Targets for all four key sub-

systems is complete. All that is left for the CD phase, 

then, is ultrafi ne detail: “Do the screw heads line up?”

Interim Meetings

Again, just like Stage B.2 (Schematic Design), the pro-

cess outline presented here does not explicitly iden-

tify specifi c Design Development (DD) team meetings 

other than the Design Development Kickoff (Stage B.1). 

Successful systems integration, though, mandates a 

series of interim subteam meetings during DD, so that 

the impacts of all decisions on all systems are known to 

all team members as detailed analysis proceeds. Con-

sequently, since the intention of this book is not to pre-

scribe a cookbook approach to what these meetings 

need to address (nor could we if we tried, since each 

project is different), only a few examples of such meet-

ings are mentioned below.

B.4.1  Research and Analysis Activities: Design 
Development

� Engage detailed analysis of systems interrela-
tionships with continuous iterations between 
disciplines

The analysis here should address in detail the project-

specifi c questions about systems interrelationships 

that were asked during Workshop No. 4 pertaining to 

the four key subsystems. Interim meetings between 

team members are essential to accomplish this.

� Validate achievement of Performance Targets for 
specifi c components of the four key subsystems

If solutions for integrating the four key subsystems 

are not completed in detail during this Stage, and 

their Performance Targets are not verifi ed by de-

tailed analysis, then it likely will be too late to realize 

integrative solutions—the design will not be “Done.” 

Accordingly, this detailed analysis should address 

questions similar to the examples referenced above 

in the text for Stage B.3.1. Such questions are highly 

project specifi c, so presenting a comprehensive 

list of the types of analysis to be engaged during 

this stage would be impossible (and well beyond 

the scope of this book), since the nature of such 

analysis varies as widely as design parameters dif-

fer from project to project. The examples presented 

below, then, are intended to illustrate what level of 

detail should be addressed in the systems integra-

tion analysis during DD.

� Habitat (biotic systems other than human)

• Example:

 The landscape architect for a recent project in 

the Northeast created a landscaping plan dur-

ing DD to illustrate the planting scheme for a 

constructed treatment wetland and presented 

it to our team. This plan depicted groupings 

of different plant species that he had selected 

and arranged in a pattern of separate but inter-

linked zones. The plan was beautiful, but it did 

not work very well. By “work,” we mean that al-

though the selected plants and groupings may 

have looked pretty, they were not in close and 

symbiotic relationship with each other. We had 

experienced this problem on a previous project, 
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where it took almost three years for the plants 

to self-organize into a thriving ecology and to 

revive the operative microbes (see Figure 7-8). 

We discovered that if the plants are seeded by 

utilizing a broadcast method, mixing the various 

species together, the wetland becomes a pro-

fuse and healthy system within a year. As E. O. 

Wilson says, “Better amok than regimented.”

� Habitat (human)

• Examples:

 For most projects, daylight glazing on the 

western façade presents the problem of direct 

solar gain due to low sun angles for much of 

the year. These low sun angles present poten-

tial glare problems due to direct sunlight pen-

etration. In addition, excess heat gain occurs 

during the cooling season, which increases 

energy use and affects the sizing of the cool-

ing system, since the building’s peak loads 

typically occur on a hot day during the after-

noon—an even worse condition than the east-

facing glass façade discussed in Stage B.1.1, 

because by mid-to-late afternoon the building 

has had all day to heat up.

  The media center space for a recent project 

was located on the building’s western façade; 

a large storefront glazing system was planned 

for this façade in the original design. The best 

solution, in most cases, is to signifi cantly mini-

mize west-facing glazing, since the low sun 

angles cannot be eliminated. In this case, the 

designers were not willing to reduce the glaz-

ing but were very interested in minimizing the 

problem to the greatest extent possible. Initial 

daylighting analysis demonstrated consider-

able hours of direct solar penetration, especial-

ly during the cooling season (see Figure 7-9). 

Subsequent analysis with daylighting modeling 

during DD examined both interior and exterior 

light shelves and adjustments to the glazing’s 

solar heat gain coeffi cient (SHGC). As a result, 

the direct solar gain was minimized, reducing 

Figure 7-8 A constructed wetland that 

had been planned in monocultural zones; 

this wetland required a much longer 

period of time (three years) to establish a 

rich and healthy diversity of plant life than 

similar wetlands that mix various species 

together and become profuse within a 

year. Image courtesy of Bill Reed.
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glare issues and heat gain (see Figure 7-10). 

We typically use daylighting simulation tools 

(such as those described in Stage B.2.1) to 

optimize the confi guration of such light shelves 

and shading devices by running various op-

tions through the model, then iteratively adjust-

ing their geometry and dimensions.

  On another recent project, a hospital wanted 

to provide patients with daylight and views to 

the outdoor gardens. Views to such gardens 

and the outdoors have been shown to in-

crease psychological comfort, promote health, 

contribute to productivity gains, and decrease 

recovery time in health care facilities* (see re-

lated discussions in Chapter 8 regarding post-

occupancy evaluations). The design team cre-

ated gardens in this case that were comprised 

of native plantings to promote habitat, which in 

turn helped establish deeper root zones that 

allowed for increased rainwater absorption by 

the soil. But these plantings also helped with 

energy performance, by providing increased 

shading that reduced solar heat gain through 

glazing. We modeled the effect of these plant-

ings using energy simulation tools during DD in 

a collaborative effort that helped select plant-

ing species and sizes, based on their effect at 

varying ages of maturity.

� Water

• Example:

 This example describes another lesson 

learned: On our fi fth project for the Pennsylva-

nia DEP, a 110,000-square-foot offi ce building 

in urban Norristown, Pennsylvania, the rainwa-

ter harvesting system was designed to store 

44 Figure 7-9 Initial daylighting analysis depicting direct solar pen-

etration through a project’s west-facing storefront glazing system. Image 

courtesy of Todd Reed. Image created by AGi32.

4 Figure 7-10 Design Development analysis included both interior 

and exterior light shelves and adjustments to the glazing system’s solar 

heat gain coeffi cient, signifi cantly reducing direct solar penetration rela-

tive to the initial analysis depicted in Figure 7-9. Image courtesy of Todd 

Reed. Image created by AGi32.

* Many case study examples are detailed in Robin Guenther and Gail 
Vittori’s book Sustainable Healthcare Architecture, New Jersey: John Wi-
ley & Sons, 2008.
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captured rainwater from the roof in a 5,000-

gallon cistern that was located in the building’s 

central 4-story atrium, as depicted in Figure 

4-15. Calculations used for sizing the cistern’s 

capacity (which in earlier stages informed the 

cistern’s location and associated structural im-

plications) were based on the monthly storm-

water harvesting predictions spreadsheet de-

picted in Figure 5-47 and as described in the 

“Water” section of Stage A.5.1. During Design 

Development, this cistern was equipped with 

an overfl ow pipe for cases when storm events 

might exceed cistern capacity. Conversely, to 

address drought conditions, a fl oat valve was 

placed in the cistern as a control device to fi ll 

the tank from the municipal water supply in the 

absence of rain, since this cistern was sized to 

provide 100 percent of the water required for 

fl ushing all of the toilets in the building. This 

fl oat valve was strategically placed to trigger 

adding potable water to the tank only when wa-

ter levels sunk to less than a third of the tank’s 

capacity. This strategy meant that the cistern 

was able to receive nearly its full capacity with 

rainwater from the majority of storm events, but 

potable water would be used to fi ll the tank to 

only one-third of its capacity when signifi cant 

time had elapsed without precipitation—so if a 

storm event immediately followed such fi lling, 

two-thirds of the cistern’s volume would still be 

available for capturing the rainwater. 

  However, once the building was occupied an 

excessively high volume of water consumption 

appeared on the fi rst month’s extremely high 

water bill. After a brief investigation, it was dis-

covered that the fl oat valve had malfunctioned 

and was continuously triggering refi ll mode. 

All of that excess water was simply drain-

ing through the overfl ow pipe. The lesson we 

learned (the hard way) here was that such de-

vices should be confi gured to alarm the build-

ing’s control system when the valve remains 

open for longer periods than required to fi ll the 

tank. Such details—and components for all 

systems that impact performance—should be 

incorporated into the specifi cations and BOD 

document during this stage as a component 

to be commissioned. The Commissioning Aut-

thority should then verify their inclusion in the 

Figure 7-11 Harvested rainwater stored in the cistern at DEP’s 

Norristown, Pennsylvania facility satisfi es 100 percent of the building’s 

annual toilet-fl ushing demand. The system’s sediment fi lter and pumps 

are housed in an adjacent room behind a glass partition as a means of 

educating visitors about the system. Image ©2004 Jim Schafer.
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DD and CD drawings and specifi cations when 

reviewing these documents. 

� Energy

• Example:

 Now that the specifi c HVAC system has been 

selected and downsized, the system compo-

nents and sequence of operations will need 

to be optimized. The energy model should be 

updated and used to guide remaining design 

decisions pertaining to more detailed issues 

such as the use of premium-effi ciency motors, 

variable frequency drives for pumps and fan 

motors, specifi c equipment effi ciency, heat 

recovery, economizers, waste heat recovery, 

and so on, that should be evaluated, depend-

ing on the selected HVAC system. In addition, 

issues related to the HVAC sequence of op-

erations should be analyzed, such as optimal 

start-stop, unoccupied temperature settings, 

boiler/chiller water temperature reset controls, 

demand-controlled ventilation, water/air econ-

omizer operation, and so on.

4 Figure 7-12 The rainwater-

harvesting cistern of the DEP 

Norristown project is located in the 

building’s atrium and also supplies 

water to a hose bib for watering atrium 

plants. Image ©2004 Jim Schafer.

2 Figure 7-13 The DEP Norristown 

building fi lled in a vacant urban 

lot along Main Street and incorpo-

rated into its programmed space the 

renovation of the town’s previously 

abandoned 1931 Art Deco commuter 

train station, a registered Historic 

Landmark building (seen here on the 

right). Image ©2004 Jim Schafer.
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  This detailed analysis during DD is critical for 

questioning assumptions at this level of detail. 

For example, it often is assumed that ventila-

tion air heat recovery (VAHR) systems will save 

energy, since generally, these VAHR systems 

can reduce the installed capacity (and fi rst 

cost) of heating and cooling equipment by re-

ducing the load associated with having to heat 

and cool this outside air to maintain thermal 

comfort ranges—especially for buildings re-

quiring large amounts of outside air for venti-

lation, like schools. In very hot and very cold 

weather, VAHR can reduce HVAC energy us-

age signifi cantly.

  However, our recent experience with several 

green building projects indicates that there are 

times when VAHR systems may not save ener-

gy. In fact, there are two reasons why a VAHR 

system might increase annual energy usage. 

One is the substantial fan power required to 

move the air through the heat-recovery heat 

exchanger. The other is that, at times, ventila-

tion air alone could be used to cool the build-

ing via the “free cooling” of an air-side econo-

mizer (ASE) when outside air temperatures 

are appropriate—but VAHR systems will often 

continue to operate in heat-recovery mode, 

with their associated fans running needlessly, 

under these same circumstances. Because of 

this, ASE operation can substantially reduce or 

eliminate the cooling load on the HVAC sys-

tem, and in turn signifi cantly reduce cooling-

energy use. This is particularly true for green 

buildings that are well insulated and have low 

balance temperatures, since in many climates 

such buildings need space cooling most of the 

time—even during reasonably cold outdoor air 

conditions (see Figure 7-14).

  Consequently, energy modeling results dur-

ing DD often show that VAHR alone is not the 

best option with regard to energy use. Rather, 

we have found that if a VAHR system is in-

stalled in a building to reduce the installed sys-

tem capacities, the system also should have 

the option of bypassing the VAHR system and 

using an ASE when outside air conditions are 

advantageous.

� Materials

• Example:

 The Pennsylvania DEP Cambria facility dis-

cussed in prior chapters is a rural offi ce build-

ing located in a wooded area of an industrial 

park; it was designed to function as a district 

offi ce for the mining division of Pennsylvania’s 

Department of Environmental Protection. The 

Figure 7-14 The graph illustrates that heat-recovery (HR) systems will 

save energy (HR savings) at temperatures below 40°F and above 85°F. 

In this example, the HR system actually uses more energy than it saves 

(HR penalty) between these temperatures; since most of the heating and 

cooling load in the climate analyzed occurs between 40°F and 85°F, the 

HR penalty outweighs the HR savings on an annual basis. Image courtesy 

of Andy Lau.
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proposed cladding material was originally in-

tended to be steel siding, due to its recycled 

content, and because its look would have fi t 

with other buildings in the industrial park.

  We proposed another idea, though, after 

giving a lot of thought to the notion that a 

green building might change in appearance 

over time, and that such changes might re-

fl ect the building’s climate, context, and vary-

ing solar exposures. We questioned what this 

might look like and concluded that wood sid-

ing without a fi nish would be perfect for the 

conditions present. It would darken on the 

north side of the building and bleach out on 

the south side of the building where the sun 

would hit it regularly. Additionally, wood sid-

ing, while seemingly unsuitable for a state of-

fi ce building, blended very well with the indig-

enous context. Many of the century-old barns 

in the area had been built (mostly by German 

and Swiss immigrants who settled the land) 

with local hemlock siding that had not been 

painted or fi nished in any way, and had held 

up well for well over one hundred years. So 

we proposed rough-sawn, unfi nished, locally 

harvested hemlock wood siding—just like 

those barns—for much of the building’s ex-

terior.

  Naturally, this was not an easy idea to sell 

to the client, as it did not fi t many people’s 

concept of what a commercial offi ce structure 

should look like. The state facilities people im-

mediately came up with many reasons to reject 

a material that their own ancestors had consid-

ered a primary cladding material. Objections 

abounded, including “we can’t afford wood 

siding,” “it will rot,” “bugs will infest it,” “it won’t 

look right,” and “we’ll have to hire a full-time 

person to maintain it.”

  We were able to demonstrate through our 

LCA model, though, that this locally harvest-

ed hemlock was environmentally preferable 

to any of the alternatives being considered. 

What fi nally convinced the state that this was 

a direction worth pursuing was a quick cost 

comparison. The local hemlock (indigenous 

to central Pennsylvania) was a fraction of 

the price of steel siding. Therefore, we could 

show that even in the unlikely case that rot-

ting became an issue, its reduced cost would 

allow for 60 percent of it to be replaced over 

a fi fty-year period, including installation and 

accounting for infl ation. In fact, the wood was 

about one-quarter the cost of steel for this 

project, and its life cycle impacts were far 

lower as well.

Figure 7-15 Unpainted, locally harvested hemlock siding at the DEP 

Cambria, Pennsylvania, building signifi cantly reduced costs and envi-

ronmental impacts; its board and batten installation allows it to dry while 

on the building, thereby reducing the embodied energy and emissions 

associated with typical kiln drying. Image ©2001 Jim Schafer.
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  Additionally, as we sought other ways to 

lower the impact of each material, we learned 

during Design Development when developing 

wall section details that one of the signifi cant 

environmental impacts associated with man-

ufacturing wood is the drying process. This 

can be done naturally over a very long period 

of time, or it can be accomplished quickly by 

using heat in a kiln. Wood is dried in a kiln 

to help it reach ambient humidity and thereby 

stabilize its movement. In this case, we real-

ized that we need not concern ourselves so 

much about movement if we detailed a board 

and batten system of fastening. The board is 

fastened on one side and left to fl oat on the 

other side where it is held down by another 

batten. This means the wood can move and 

not crack as the humidity changes. As a re-

sult, we were able to use wood that had been 

recently harvested and milled locally without 

drying it in a kiln. For nearly ten years now, 

it has dried naturally on the wall of the build-

ing without any need for painting, fi nishing, or 

maintenance—and without any problems. 

� Obtain input and feedback from Builder on all 
systems

The builder’s role at this point can be critical. Of 

course, the earlier the builder is present and en-

gaged, the better the outcome of project, as dis-

cussed in Chapter 5. This is due to aligning the 

design and construction team around purpose, 

problem solving, constructability issues, and cer-

tainly cost ramifi cations, that is, refi ning the cost 

estimate.  If possible, the builder (or, if the builder 

has not yet been selected, someone with similar 

expertise) should be in attendance at most meet-

ings during this phase to comment and provide 

Figure 7-16 The Clearview 

Elementary School in Hanover, 

Pennsylvania, also incorporated 

local indigenous hemlock 

siding; in addition to its envi-

ronmental benefi ts, it refl ects 

the local, agricultural, and rural 

architectural context of century-

old wood barns in nearby sur-

rounding areas. Image ©2003 

Jim Schafer.
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input into the detailed design solutions under con-

sideration.

B.4.2  Principles and Measurement

� Document in detail and validate building per-
formance results against Performance Targets

� Provide detailed calculations to justify and “prove” 

the achievement of Performance Targets for all 

desired environmental performance thresholds 

across the four key subsystems. Again, if spe-

cifi c Performance Targets are not verifi ed during 

DD, it probably will be too late, and it probably 

will not happen. As Ronald Reagan once stated, 

“Specifi city is the soul of credibility.”

� For projects pursuing LEED certifi cation, verify 

compliance with all previously established LEED 

goals and performance thresholds relative to all 

pursued LEED credits. This process involves re-

fi ning targeted performance goals and continu-

ously looking for more synergies between cred-

its. As discussed in Stage B.2, interim meetings 

should be convened, as applicable, to address 

such cross-disciplinary LEED issues as storm-

Wood and Life Cycle Impacts

Wood is almost always preferred in LCA. This is 

because it soaks up carbon dioxide (and creates 

oxygen) while it is being produced, takes very little 

energy to extract, requires very little energy to mill 

and make usable, requires very little maintenance 

(under most circumstances), and can often be re-

used at the end of a building’s useful life. What LCA 

does not show us about the use of wood, though, 

are the impacts on land use. This is extremely dif-

fi cult to measure, and therefore it needs to be dealt 

with in other ways. For our purposes on the Penn-

sylvania DEP Cambria project, we chose to look 

locally and sought pricing for hemlock from local 

wood mills. The mill we ended up using was close 

to the site and harvested its logs from local farmers’ 

wood lots. These lots had been managed by farm-

ers for a couple of hundred years as the area was 

settled. Where they still exist, they usually are about 

two acres in size. Managed and selective harvest-

ing from these lots provided building material, logs 

for use on the farm, and fi re wood for cooking and 

heating in the winter while maintaining the health of 

the wooded land. These lots have fallen out of use in 

this regard over the last few decades, and currently 

they provide little to the farmers, except for the value 

of the logs.

The land use issues associated with using the wood 

from these logs as a building material should be 

investigated. For example, in the eastern forest, 

wood lots are harvested in a very specifi c way be-

cause of the high-quality hardwood species in them. 

The greatest value logs are veneer logs. These are 

from large trees with few imperfections, so that they 

can be rotary sliced into veneer materials and sold 

at a high cost. Therefore, these hardwood trees are 

always left to grow as large as possible. As such, 

many of the local loggers suggest selectively har-

vesting a wood lot every fi fteen to twenty years. This 

allows the larger trees to be cut for high-quality use, 

while the middle size trees are left to grow larger 

within that time. The result is a healthy biodiverse 

breeding ground for building materials that provides 

a diverse, albeit relatively small, area for fl ora, fauna, 

and habitat.
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water management and landscaping, energy 

performance, daylighting, etc.

� Prepare draft Measurement And Verifi cation 
(M&V) Plan

Consultation, primarily with the building owner and 

MEP design engineers, should occur to discuss 

the project’s specifi c M&V strategies. This meet-

ing will determine the basic approach, the scope of 

necessary data gathering, and the parties respon-

sible for performing the individual tasks outlined in 

the M&V plan. The outcome should clarify in more 

detail the responses to the M&V questions asked 

during Workshop No. 4, as outlined in Stage B.3.1. 

The basic outline of the M&V plan needs to include 

the following:

� How savings are going to be predicted for both 

water and energy by end use.

� The specifi c methodologies for collecting data 

in the facility post-occupancy, to verify the accu-

racy of input assumptions used in the predictive 

calculations. In most cases, these calculations 

will be those produced by the energy model, 

with additional spreadsheet calculations of water 

use.

� How data collection will be used to modify and 

adjust the predictive calculations. In many cases, 

the energy model is calibrated to the building’s 

actual performance by adjusting predictive mod-

eling inputs to actual operating data obtained by 

the submetering of individual energy end uses, 

along with additional data gathered with portable 

meters, staff interviews regarding operations and 

occupancy, weather fi les, etc.

� The adjusted predictive calculations (i.e., the 

adjusted or calibrated energy-modeling results) 

are then reconciled with the actual utility bills 

received during the time frame identifi ed for the 

M&V effort.

� Based on the calibrated and reconciled version 

of the model, a new base case is developed by 

removing all of the energy-saving strategies and 

creating a code-compliant version of the model 

or another agreed-upon base case. The differ-

ence between the calibrated model and the re-

vised base case represents the actual savings, 

as compared to the predictive savings generated 

during the modeling effort in design.

� Finally, the plan should include recommenda-

tions based on the fi ndings of the M&V effort 

for areas of potential additional savings. Iden-

tify specifi c energy-effi ciency and water-saving 

measures with calculated savings and costs 

where applicable. These recommendations 

should be a part of the development of an action 

plan in case the predicted savings do not match 

the actual savings—likely due to the wide array 

of issues that might not have been predictable 

during design. 

� Commissioning

� Invite the Commissioning Authority to re-
view design progress and identify opportu-
nities for further optimization and potential 
confl icts

• Up to this point, the responsibility for ensuring 

that the OPR and BOD are updated at each 

phase of the project has remained with the de-

sign team, as facilitated by the Commissioning 

Authority. Now that Design Development itera-

tions and associated detailed analysis are be-

ing captured and documented, the Commis-

sioning Authority can begin to perform mean-

ingful reviews of this documentation.

• The focus of these reviews is fi rst and foremost 

to check for consistency between the OPR, 

BOD, and current DD documentation to identi-

fy confl icts that might exist in terms of purpose, 

Performance Targets, and systems functions.
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• The Commissioning Authority also can serve a 

valuable function during these reviews by ex-

posing the team to places where even deeper 

integration opportunities might exist to aug-

ment optimization, since the Commissioning 

Authority offers a uniquely objective and holis-

tic viewpoint across systems and disciplines.

• This review should take the form of written 

comments authored and distributed by the 

Commissioning Authority to all team members. 

Each team member considers the comments 

relative to their documentation and responds 

to the Commissioning Authority’s comments in 

order to document any impacts.

• This review also should remain sensitive to the 

progressive nature of the documents. Regard-

less, comments need to be taken seriously by 

the design team, respecting the fact that the 

Commissioning Authority’s perspective is in-

tentionally different than that of the designers. 

• DD documents should be back-checked by 

the Commissioning Authority to ensure that 

revisions and/or responses to all comments 

have been provided by the appropriate team 

member, so that these documents can be for-

warded to the owner for approval.

• The Commissioning design review, at this 

stage, should not be reduced to just check-

ing drawings, since the Commissioning Au-

thority is now becoming more focused toward 

fi nal outcomes, functional testing, and mainte-

nance. As has been stated, designers involved 

in this process must open themselves and 

their work to this perspective before their ef-

forts take shape in the fi eld.

  A very simple example is found in how HVAC 

equipment is often scheduled: The designer’s 

fi rst priority is to document the capacity of 

equipment. Schedules that list equipment with 

a singular reference applied to multiple units of 

identical capacity may be easy for the engineer 

to create, but will not present the entire picture. 

Equipment must eventually be identifi ed for 

control programming, for accurate installation, 

for facility staff access, and for maintenance 

documentation; so DD documentation of 

equipment should include clear identifi ers for 

each piece of equipment that will link it to its 

complete application through installation and 

operations. For example, equipment sched-

ules that list only 10 unit types, each of which 

might be applied 5 times, let’s say, for a total 

of 50 units, each intended for a different loca-

tion in the building do not serve the owner’s 

interest. The implications of such equipment 

schedules is discussed further in Stage B.6.2. 

Designers accustomed to traditional design 

and documentation methods typically are re-

sistive to comments of this type in a Commis-

sioning review. But integrative design requires 

a spirit of cooperation that goes beyond what 

is the easiest way for one team member to ac-

complish their task in isolation from the whole.

• It should be noted that in situations where a 

project is one of multiple projects for a single 

owner (maybe a hospital or university), the 

Commissioning Authority may be the only team 

member with a technical background common 

to these multiple projects. The Commission-

ing Authority, then, can serve as the common 

thread linking together all of the owner’s more 

technical requirements, thereby bringing con-

sistency to the various design teams that may 

be working on these multiple projects, each of 

whom brings their own (and usually different) 

perspectives to this process.
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� Identify the preliminary list of systems to be 
commissioned

• The list of systems to be commissioned likely 

will start from a generic list, including items such 

as HVAC systems, lighting systems, plumbing 

systems, renewable energy systems, controls, 

and building envelope tailored to project-spe-

cifi c parameters. (See Figure 7-25.)

• The list can become more comprehensive and 

expanded to include systems such as emer-

gency power, fi re suppression, fi re alarm, se-

curity, key card access, computer data collec-

tion, soap dispensing, etc.

• Optimally, specifi c HVAC system types have 

been selected at this stage; but, in some 

cases, such selections may not be able to be 

fi nalized at the beginning of DD, depending 

on project complexity. For instance, reaching 

fi nal decisions about system types (centralized 

chiller/boiler plant versus distributed HVAC, 

ground-source heat pumps versus closed loop 

or other water-source heat pumps and boilers, 

etc.) may need another round of analysis and 

parametric energy modeling runs in the earli-

est stages of DD to compare the performance 

of these system types options in more detail—

and may include a comparative analysis of 

emissions generated by the project’s available 

energy sources.

• While specifi c systems types may not be fi -

nalized yet, the range of systems alternatives 

should be limited to only a few candidates or 

variants by the end of Schematic Design, so 

that this detailed optimization analysis can fi -

nalize system-type selection very early in this 

stage at the latest.

• Besides commissioning of primary HVAC sys-

tems, building-envelope commissioning is 

next in importance, if not equally important. In 

short, we have found through experience that 

even if an HVAC system’s components are 

functioning perfectly in accordance with test-

ing and sequence of operations criteria, the 

HVAC system may fail completely if the build-

ing envelope does not perform.

  As an illustrative example, several years 

ago we commissioned a multistory, 100,000-

square-foot offi ce building that achieved LEED 

Gold certifi cation. We were under contract to 

provide building energy systems commission-

ing but not building envelope commissioning. 

Near the end of construction in 2003, we re-

ceived an admission from the HVAC control 

technician that he could not achieve enough 

static pressure to pressurize the building. 

Imagine the implications of this puzzling piece 

of news.

  This building included a four-story open atri-

um, served by a complex overhead underfl oor 

air-delivery HVAC system. For us, this admis-

sion was not only frustrating, but it also started 

us on a long journey of discovery that began 

in construction and continued into the second 

year of occupancy, which in turn led us back 

to Design Development envelope detailing. To 

be fair to the design team, the detailing com-

ponent of this story is not so much related to 

this particular building, but it has led us to look 

for similar problems on almost every subse-

quent building we have commissioned.

  The building was designed with both under-

fl oor air-delivery (the dominant system) and 

overhead VAV air–delivery arrangements, sup-

plied from the same air-handling unit with the 

same temperature air to both delivery arrange-

ments. With this type of combined system, 

coupled with the fact that all four fl oors intercom-

municate through a central open atrium, there 
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was no way to isolate an individual fl oor and ad-

dress the pressurization issues incrementally. 

When we began addressing the building’s lack 

of ability to maintain pressure, we initially were 

confronted with too many issues at once to be 

able to effectively isolate any one issue and 

deal with it on an individual level. It seemed 

like we were chasing a moving target, running 

around in circles, adjusting system-pressure 

set points, air-delivery temperatures, night-

setback temperatures, then performing smoke 

tests and checking the trending data in a vain 

effort to discover the source of the problem. 

We checked the roof curbs around the smoke-

evacuation fans for leaks. We verifi ed positive 

closure of the dampers in the smoke-evacua-

tion fans above the atrium. We verifi ed that the 

smoke-evacuation fans were actually off. We 

double-checked the functional performance 

of the air-delivery systems. In the summer, we 

were seeing some spaces overheating, while 

others were comfortable. In the winter, we saw 

areas that could not get warm, while others 

were overheating. We discovered that we had 

underfl oor air-pressurization problems, along 

with the original building-pressurization prob-

lem. In addition, we found that the return-air 

temperatures were only a few degrees warmer 

than the supply-air temperatures. We checked 

and rechecked everything we could think of 

from an HVAC perspective, but we kept com-

ing up with very little—nothing, in fact, that we 

could identify as the cause of the overarching 

problem. 

  Slowly, we began to understand the sources 

of the underfl oor pressurization issues and fo-

cus on them, hoping that this would help. We 

actively addressed these by sealing the fl oor 

Figure 7-17 Care must be taken during 

construction to maintain the integrity 

of the minimally pressurized plenum of 

underfl oor supply-air distribution sys-

tems, but performance gains prove the 

effort worthwhile. An in-depth study on 

underfl oor air systems published in 2002 

that identifi ed over 300 case studies 

reported performance gains for thermal 

comfort, indoor air quality, energy sav-

ings, productivity, churn cost, and overall 

fi rst-cost savings for underfl oor systems. 

(Loftness, Brahme, Mondazzi [from 

Carnegie Mellon’s Center for Building 

Performance and Diagnostics], Vineyard, 

& McDonald [from Oak Ridge National 

Laboratory], “Energy Savings Potential of 

Flexible and Adaptive HVAC Distribution 

Systems for Offi ce Buildings.”) Image 

courtesy of John Boecker.
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plenums (where the contractor, in a few in-

stances, had left large holes in various zones) 

and making modifi cations to the ductwork 

serving the underfl oor supply-air system. We 

began getting somewhat better results, and 

comfort seemed to be improving, but inconsis-

tently. Further, we still had the original building-

pressurization problem. The owner, justifi ably, 

remained unsatisfi ed.

  It was not until the second winter, well over 

a year into occupancy, that we began to un-

derstand the primary cause of the building-

pressurization issue. During a site visit on a 

particularly cold winter day, we noticed ice in-

side the building below a window. This was in 

an enclosed offi ce, one of the spaces in which 

maintaining temperature had been particularly 

diffi cult. Further investigation led to discovering 

signifi cant air infi ltration under and around al-

most every window. We removed the wood trim 

from around the fi rst window and saw daylight 

between the window frame and the adjacent 

steel stud. This initiated a campaign of remov-

ing the wood trim from around every window 

in the entire building. We discovered that the 

contractor had installed the windows with the 

standard gap between the window frame and 

the rough window framing, and as detailed in 

the CDs, had fi lled this gap with foam backer 

rods in some locations—but not well, and with-

out sealant caulking. In many other locations, 

no backer rod was installed at all. The exterior 

trim had been installed with a bead of caulking, 

but there was no proper seal of the air gap to 

prevent infi ltration and exfi ltration. The space 

between the rough opening and the window 

frames simply had been covered with wood 

trim—the only air barrier in the entire installa-

tion was the intermittent foam backer rod, and 

this, of course, was not working. (See Figures 

7-19 and 7-20.)

  The solution was to remove all the foam back-

er rods at all windows throughout the building 

and fi ll the gaps with minimal-expanding-spray 

polyurethane foam. After the spray foam was 

installed, we experienced—not surprisingly—a 

miraculous turn of events. All of a sudden 

we were able to pressurize the building, and 

Figure 7-18 Floor diffusers for underfl oor air distribution (such as these 

manufactured by Krantz) serve as metering devices that afford occupants 

individual thermal-comfort control. Image ©2001 Jim Schafer.
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the formerly uncontrollable spaces were now 

maintaining temperature.

  The lesson learned from this experience was 

that HVAC problems are not always the result 

of HVAC systems in isolation. From this expe-

rience, we learned how signifi cantly envelope 

detailing and installation impacts proper oper-

ation of the building as a whole. We began to 

recognize more deeply the interrelationships 

of the building’s component parts and how 

buildings truly function like organisms—if any 

major component is not functioning well, the 

ripple effect can be felt in ways that are almost 

unimaginable. We also now make it a policy to 

pursue building envelope commissioning on 

nearly every project. This envelope commis-

sioning is best begun during Design Develop-

ment document reviews.

  A year or so later, we were performing build-

ing commissioning services for a school in 

central Pennsylvania. The school achieved 

LEED silver certifi cation, but the project team 

chose not pursue the enhanced commission-

ing credit, so unfortunately, design reviews 

were not part of the scope of work.

  Armed with the lessons we had learned 

about building-envelope performance, we 

made regular site visitations throughout 

construction, to review the building-shell 

components, as well as other typically com-

missioned systems—we were particularly 

interested in the building-shell construction, 

having just come off the previous project with 

all its building-shell problems. We made it a 

point to pay close attention to the windows; 

but in this case, with brick and block cavity-

wall construction, the opening details were 

well done and generated little concern.

  As the walls and roof went up, and the build-

ing was closing in, we started looking at the 

roof-wall connections. The building’s construc-

tion consisted of structural steel framing, con-

crete block and brick veneer with 3 inches of 

rigid insulation between the brick and block, 

Figure 7-19 This image shows the gap between the window frame and 

the adjacent rough-opening framing that was discovered during Commis-

sioning as having been left unsealed. The gap size works well, though, 

when proper sealing of this opening is installed. A gap too small cannot 

be properly sealed and will be a signifi cant source of infi ltration. Image 

courtesy Brian Toevs.

Figure 7-20 Spray foam works better in fi lling the gap than preformed 

foam backer rods, because the gap can be fi lled continuously with no 

separations. Image courtesy Brian Toevs.
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and a pitched roof with a 4 in 12 slope that 

created roof overhangs with soffi ts. The roof 

construction consisted of corrugated steel 

decking on structural steel beams with rigid 

insulation on top of the decking, covered by 

standing-seam metal roofi ng.

  The issue that emerged with this building 

also was a building envelope problem, but 

this time it was related to the air and thermal 

barrier at the juncture between wall and roof-

ing systems. This story can be told either as 

a design-focused story or as a construction-

focused story; but in this case, the root of 

many of the issues that led to construction 

shortcomings can be found in the design 

detailing. Details depicting where the corru-

gated roof decking rests on the top of exterior 

walls called for gaps at the corrugations to 

be fi lled with batt insulation or mineral wool, 

sometimes referred to as “rotten cotton.” This 

rather standard detail became the focus of a 

threefold set of problems: The fi rst and most 

obvious issue resulted from the contractor not 

installing any insulation in many of the corru-

gations, which is not uncommon. The second 

problem presented itself where the insulation 

was installed, but it acted more as an air fi lter 

than an air barrier. The third, and worst, issue 

was that the decking was acoustical; as a re-

sult, the sound absorbing perforations along 

the length of its corrugations allowed not only 

sound but also air to pass through the deck-

ing into and from the uninsulated soffi t, with 

no air barrier between this soffi t and the inte-

rior space. We identifi ed these issues during 

construction, bringing them to the attention 

of the owner, the architect, and the contrac-

tor. But the problems were not properly ad-

dressed during construction, as evidenced by 

Figure 7-21 and the infrared images depicted 

in Figures C-4 through C-7—images that we 

took last winter, nearly three years after con-

struction was completed.

  This example illustrates how teams not prop-

erly aligned around the more detailed analysis 

required for high-performance buildings can, 

with the best intentions, allow themselves to 

revert to standard practice in Design Develop-

ment, documentation, and construction. We 

have come to realize that implementing stan-

dard building construction techniques and 

conventional design practices—“doing it how 

we’ve always done it”—will fail more often than 

not when pursuing the enhanced needs and 

aspirations of higher-performing buildings. 

High-performance buildings mandate high-

performance design, a process driven by an 

integrated team aligned around Purpose.

Figure 7-21 This image is taken from inside the gymnasium, up at the 

roof deck. The image shows the acoustical metal roof decking resting on 

the exterior masonry wall. The roof decking passes over the wall and a sof-

fi t encapsulates the exterior edge of the decking. The image is taken in the 

middle of the day, and the light shining on the decking is daylight passing 

through the perforated soffi t. This was fi nished construction, and clearly 

the fl ute in the roof-decking corrugation was not fi lled. (See Figures C-4 

through C-7). Image courtesy Brian Toevs.
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  Figures C-3 through C-11 depict images of 

typical building envelope issues that we have 

documented on commissioning projects.

� Prepare preliminary Commissioning Plan

• While the Commissioning Plan is an evolving 

document, similar to the OPR and BOD in this 

regard, it is one component of Commission-

ing (Cx) that needs less attention at this phase. 

Nevertheless, the importance of a Cx plan can-

not be overstated, so preparing a draft of this 

plan should begin during DD.

• The preliminary draft Commissioning Plan 

should include an overview of the Cx process 

in accordance with the contractually agreed-

upon scope of services. It serves as a guide for 

implementing the requirements of the Cx pro-

cess; this process is detailed in the project’s 

commissioning-related specifi cations.

• The plan should include the current OPR and 

BOD, along with their previous iterations, at least 

in their main outline formats to reinforce that the 

thrust of the commissioning effort is to serve as 

a tool for achieving the owner’s requirements 

throughout design and construction.

• Likely, the preliminary Cx Plan will begin as 

a relatively short (15-page) document. It be-

comes the outline for the fi nal Commissioning 

Report. Eventually, as appendices are added, it 

could evolve into multiple, large-volume, three-

ring binders. While this fi nal version of the Cx 

Plan can take many forms, we have found that 

keeping the original fi fteen-page document 

format (with multiple indexed appendices) re-

mains the most manageable, since the origi-

nal fi fteen or so pages can remain relatively 

unchanged or be modifi ed easily, serving as 

an outline of sorts for appending the plan as 

additional sections are developed.

• The activities and responsibilities defi ned in the 

Cx Plan will need to be developed in close co-

ordination with the project specifi cations, par-

ticularly the spec sections related to Commis-

sioning. These specifi cations are discussed in 

the next two stages.

B.4.3  Cost Analysis

� Utilize integrated cost-bundling templates to 
optimize value and performance (true value 
engineering) to conclude cost analysis for all 
major systems

When faced with apparent cost overages, the big 

temptation at this point in the design process is to 

have the builder huddle with the building team and 

value-engineer the project. It cannot be stressed 

enough how important it is that this not be allowed 

to occur. An integrated team approach, one that 

includes all key owner, design, and building team 

members, is necessary to review pricing and deter-

mine optimal ways of cutting costs. This is the pur-

pose of the cost bundling template. It is used to ana-

lyze cost more holistically to achieve true value—or 

true value engineering. Team members are there to 

assure that “value” is maintained via integrated and 

engineered solutions. Often, great solutions come 

out of this process. If nothing else, the truths of the 

design solutions result from this intense scrutiny.

Recently, a university laboratory-classroom project 

that had theoretically been designed with an integra-

tive approach from the very beginning faced a cost 

challenge. The president of a very large architecture 

fi rm personally attended the integration workshops 

to encourage the design team—in particular the 

mechanical engineer—to look aggressively at “right 

sizing” the mechanical equipment, because he 

2 Figure 7-22 Table of Contents from a sample Commissioning 

Plan. Courtesy of Brian Toevs.
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knew cost would be a pressure point on this tightly 

budgeted project. Throughout the project the engi-

neers had fi rmly stated they had been very rigorous 

in their energy analysis and that the system, as de-

signed, was the best they could do. We thought oth-

erwise but did not have the opportunity to do a peer 

review. At the value-engineering session, it became 

apparent that the mechanical system was the deal 

breaker on the project, and the project would not be 

given the go-ahead for construction; the engineers 

acknowledged that they might be able to pare down 

the chiller and heat-recovery sizes. After more rigor-

ous and detailed analysis that looked at systems im-

pacts more comprehensively, they came back with 

a 50 percent reduction in the mechanical system 

cost—allowing the project to be built.

This story is not unique; subsequently, we experi-

enced almost exactly the same scenario on a $285 

million hospital project pursuing LEED Silver level 

certifi cation, but without utilizing a very rigorous in-

tegrative process. We were asked to join the team 

after the conclusion of schematic design. Again, we 

were not convinced that systems had been “right-

sized” based on our fi rst round of energy model-

ing analysis during DD. We repeatedly stated our 

case, but again the design engineers held steadfast 

to their position that the HVAC systems had been 

“optimized.” Fortunately the project team included 

an excellent Commissioning Authority who reviewed 

the design documents and determined indepen-

dently that HVAC system components were signifi -

cantly oversized. It was clear that systems had been 

sized based on rules of thumb, without taking into 

account the interrelationships of the numerous ener-

gy-effi ciency measures (EEMs) being employed for 

other systems. The very high cost estimates for the 

associated HVAC system almost killed the project. 

The Owner mandated that the HVAC systems be re-

designed and resized, taking into account all of the 

EEMs, and after an additional two months devoted 

to this effort, an HVAC system was documented that 

met the budget and resulted in a 20% annual energy 

savings.
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B.4.4  Schedule and Next Steps

� Extend forward the Integrative Process Road 
Map tasks and schedule through the Docu-
mentation phase and begin integrating with the 
builder if this has not yet occurred

The tasks and schedule in the Integration Process 

Road Map need to be extended through the docu-

mentation phase, and this road map should now 

begin integrating with the builder, if this has not yet 

occurred.

At this point, the process of moving into Construc-

tion Documentation can be made smoother by be-

ginning to develop the specifi cations, so that they 

are more than legalese—they are instructive to the 

contractors and trades. Specifi cations are critically 

important documents for clearly defi ning and holding 

the unique aspects of a green building. Initiating the 

writing of specifi cations as a team in an integrated 

process, particularly where issues cross disciplines, 

helps ensure that the design team is aligned around 

what needs to be communicated to construction 

professionals. This is best accomplished by involv-

ing the builder in this process, if possible. This full 

team involvement contrasts dramatically from the 

conventional approach of relegating wholesale the 

spec-writing to a detached spec-writer decoupled 

from the team and is an important step in helping 

ease the frustration that sometimes accompanies 

the introduction of unfamiliar ideas, techniques, and 

technologies.

A detailed description of the specifi c content required 

in these specifi cations is beyond the scope of this 

book; further, there are numerous resources currently 

available in the marketplace devoted to this subject, 

so we need not repeat those efforts here. However, 

the purpose and general structure of specifi cations 

will be explored further in the next two stages.

� Prepare Agenda for Workshop No. 5

This next workshop is the point at which all issues 

are fi nalized. It is the last effi cient point for resolving 

and addressing with the entire team any outstanding 

issues with regard to achieving high environmental 

Performance Targets. All key stakeholders should 

attend.
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Stage B.5
Workshop No. 5: Construction Documents Kickoff—Performance Verification and 
Quality Control

B.5.1  Workshop No. 5 Activities

� Verify achievement of all Performance Targets

� Present and verify the integrated performance of the project as an interrelated whole

� Identify where Specifi cations will need to be altered to effectively document project performance and inte-

grate the four key subsystems (habitat, water, energy, and materials)

� Verify fi nal cost bundling analysis and cost impacts related to all major systems and components

� Commissioning: Review Commissioning Plan for alignment with BOD and schedule Commissioning re-

view at mid-construction-documents phase

B.5.2  Principles and Measurement

� Document fi nal Performance Targets

� Review draft Measurement and Verifi cation (M&V) Plan

� Commissioning: Update OPR, BOD, and Commissioning Plan to refl ect input from Workshop No. 5

B.5.3  Cost Analysis

� Document integrated cost implications of fi nal design decisions

B.5.4  Schedule and Next Steps

� Plan quality control review process of Construction Documents

� Distribute Workshop No. 5 Report

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVo OVV

pancy,Part C – Occup
and Operations, 
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Figure 7-23 Integrative Process 

Stage B.5, Workshop No. 5: 

Construction Documents Kick-Off. 

Image courtesy of 7group and 

Bill Reed; graphics by Corey 

Johnston.
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Stage B.5

Workshop No. 5: Construction Documents 
Kickoff—Performance Verification and 
Quality Control

The design is done. The four key subsystems are no 

longer separate. They are now part of a whole. To pro-

ceed confi dently with the documentation phase, it will 

be worthwhile to have a fi nal review of project inten-

tions. Did we miss anything during the intensity of the 

DD stage? Are there any last opportunities to integrate 

systems that may have slipped through the process? In 

preparing for this workshop, make sure the data to sup-

port the actual achievement of expected performance 

results is available. All generalizations and guesswork 

should now be put to rest with concrete performance 

calculations.

The principal objective in this workshop is to de-

sign the documentation process in ways that can best 

integrate and communicate the details of the project, 

so that the systems can be effectively priced and con-

structed. In addition to clear, communicative drawings, 

designing a process for developing meaningful, thor-

ough, and understandable specifi cations is a key as-

pect of this phase; this process needs to be addressed 

by the entire team at the workshop.

B.5.1  Workshop No. 5 Activities

� Verify achievement of all Performance Targets

Documentation of all performance criteria related to 

design Performance Targets should be complete 

or very near completion. Documentation protocols 

and/or templates for documenting the design Per-

formance Targets related to construction issues 

should also be established; these relate to issues 

over which the builder has fi nal control, such as 

materials procurement, construction and demoli-

tion waste, construction indoor air quality measures, 

building-envelope integrity, air infi ltration, and so on. 

If the documentation of design Performance Targets 

is not complete, develop a plan for doing so.

For LEED projects, the status of achieving the re-

quirements for all targeted credits should be fi nal-

ized, and responsibilities for producing required 

documentation for all design credits should be dis-

cussed and clarifi ed.

� Present and verify the integrated performance 
of the project as an interrelated whole

All disciplines should have coordinated and inte-

grated the systems for which they are responsible in 

a way that accounts for overlapping benefi ts. There 

will be performance results that are dependent on 

the performance of other systems. Are the bound-

aries and overlaps as they relate to documentation 

responsibilities specifi cally understood and ad-

dressed?

� Identify where Specifi cations will need to be 
altered to effectively document project perfor-
mance and integrate the four key subsystems 
(habitat, water, energy, and materials)

It is necessary for the design team, and also the 

building team (if possible), to come to an agreement 

on the design of the specifi cation structure and 

philosophy. There are a few different philosophies 

about specifi cation structure and purpose. We have 

found that these range across three primary areas 

of focus: fi rst, that specs serve primarily a legal 

function; second, that the specs are manuals that 

stipulate project systems for the purpose of pricing 

and purchasing products and their installation; and 

third, that specs are instruction books with a subtext 

that explains the rationale for systems, so that these 

systems are more likely to be installed and perform 

correctly.

In conventional construction, where many systems 

are purchased and installed in a conventional man-

ner, there is not great need for a set of detailed 
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instructions—these systems generally are those 

with which tradespeople have had years of expe-

rience. A relatively straightforward legal and per-

formance specifi cation approach is adequate to 

achieve a satisfactory result.

However, new technologies, products, construction 

techniques, and commissioned installation meth-

ods that benefi t from a more integrated systems ap-

proach may require the specifi cations to be more 

explicit about why and how the expected results are 

to be achieved. This is especially true with issues 

relating to the achievement of high performance for 

the components of the four key subsystems and to 

the commissioning process.

This is not to say that legal issues should not to be 

addressed; they need to be included, but perhaps in 

a different location or with sections structured so as 

not to confuse the new information that needs to be 

conveyed to the trades in the fi eld with legal boiler-

plate. Often, specifi cations suffer from an overabun-

dance of legalistic terms and technical references 

that in the reality of work in the fi eld are never con-

sulted, unless the project goes into litigation—not a 

very smart way to achieve an expected result.

Victor Canseco, a builder-construction manager with 

whom we have worked repeatedly over the years, is-

sues what he calls “Bidding Guides” to each trade 

during bidding. These guides include a project de-

scription, scope of work, insurance rider, bid form, 

instructions to bidders, a job-information sheet that 

consolidates legal requirements and boilerplate is-

sues into a brief document, and signifi cantly stream-

lined germane specifi cations that he calls “primary 

specifi cation sections.” He strips away everything 

but the essential information required for both pric-

ing and construction, removing the layers of legalese 

and references to arcane standards; in other words, 

he issues this “essentialized” spec to each poten-

tial subcontractor. This streamlined version of the 

specifi cations addresses in clear, simple terms—

using language understood by tradespeople in the 

fi eld, not just attorneys and estimators back in the 

offi ce—what the performance standards and criteria 

need to be for providing and executing each product 

and system. He reports that when he began doing 

this fi fteen years ago, he started getting tighter bid 

results and better performance in the fi eld. He also 

claims that he has yet to be sued. Victor once dem-

onstrated this approach for a relatively small project 

by holding up the project’s spec book; it was sev-

eral inches thick. He then held up a second stack of 

the specifi cation pages from the project’s Bidding 

Guides that he had issued, containing what he had 

determined was the essential information required 

to price and construct the project in the fi eld; this 

stack was less than one inch thick.

Such approaches, along with the structure and phi-

losophy of the specifi cations, should be discussed 

and a plan of action agreed upon at this workshop.

� Verify fi nal cost bundling analysis and cost 
impacts related to all major systems and com-
ponents

This is the time that cost bundling can be very im-

portant with regard to preparing for fi nal estimating. 

The overly simplistic approach to value engineer-

ing again needs to be resisted; that is to say, avoid 

the temptation to reduce the quality of a product 

or remove a product or system from the project on 

a line-item cost basis. The impact on and perfor-

mance of the whole project needs to be analyzed 

when attempting to understand whether a product 

or systems should be removed. Providing bidding 

alternates is a common practice, but caution should 

be exercised to avoid eliminating key system ele-

ments that will degrade the whole. Consequently, 

strategies for bidding alternates should be dis-

cussed, so that any and all alternates can be identi-

fi ed at this workshop.
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It is useful at this workshop to set up a few cost-

focused engineering meetings with the estimator 

and builder (if possible) that include key client team 

members, the architect, engineers, and systems 

designers. Isolated meetings with only the builder 

and architect or owner—without the expertise and 

input of other team members to constitute a com-

posite master builder—often do signifi cant damage 

to the performance, and ultimately the cost benefi t, 

of projects.

� Commissioning: Review Commissioning Plan 
for alignment with BOD and schedule Commis-
sioning review at mid-construction-documents 
phase

Specifi c dates for review of construction documents 

midway through their production need to be dis-

cussed and coordinated with all team members, 

with allowances threaded into the schedule for the 

Commissioning Authority’s review time, along with 

the team’s time frame for responding to these com-

ments. Appropriate deadlines should be defi ned at 

this workshop.

As indicated above, specifi cations will inform the 

contractors of their process responsibilities relat-

ed to Commissioning. With the BOD evolving and 

with possible updates relative to cost estimating, 

this is the stage where any realistically foreseeable 

cost impact for commissioning should be revealed 

and discussed, as mentioned in Stage B.3.3. The 

Commissioning Authority will know the extent of 

primary systems to be commissioned, based on 

their involvement during design, along with where 

Commissioning specifi cations will begin to address 

quantifi able expectations relative to the contractor’s 

involvement in the process. Construction estimators 

will need to see where real cost impacts on contrac-

tors might appear, such as keeping current con-

struction checklists, involvement in the functional 

testing, and furnishing devices for these tests. What 

needs to be understood by the team is that the “cost 

of commissioning” should not be freely incorpo-

rated, based solely on someone’s “pitch” or on the 

number of pages in a specifi cation or drawing set. 

Estimators of such costs need to understand that 

they must discern the difference between where the 

commissioning process is really adding work and 

where it is simply verifying work as a standard ele-

ment—though an element not always delivered—of 

the traditional design and construction process.

B.5.2  Principles and Measurement

� Document fi nal Performance Targets

As with all prior workshops, any performance adjust-

ments resulting from Workshop No. 5, as described 

above, need to be distributed to the project team in 

order to ensure that all team members understand 

their responsibilities for documenting their systems 

accordingly during Stage B.6. At this point in the 

process, all performance criteria should be fi nalized, 

pending only very minor adjustments, if necessary.

For projects pursuing LEED certifi cation, a revised 

LEED scorecard should be distributed to the project 

team that documents the status of all pursued cred-

its. Decisions pertaining to all design-phase credits 

should be fi nalized. Responsibilities for incorporating 

LEED requirements into the CDs should be clearly 

defi ned and assigned to all appropriate team mem-

bers. Also, the various components of documenta-

tion required for submission to the U.S. Green Build-

ing Council (USGBC) for all design credits should be 

assigned to appropriate team members as well, so 

that this documentation can be completed in parallel 

with the completion of Construction Documents. 

� Review draft Measurement and Verifi cation 
(M&V) Plan

The draft M&V plan should be reviewed with the 

entire team to verify that it includes all appropriate 

components for providing the desired feedback af-

ter construction and revised as necessary. Respon-
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sibilities for each affected team member should 

be identifi ed for all components of the plan (as de-

scribed in Stage B.4.2) regarding the components 

that will need to be incorporated into the Construc-

tion Documents drawings and specifi cations, such 

as controls systems metering and/or submetering 

devices for identifi ed end uses, data loggers, etc.

� Commissioning: Update OPR, BOD, and Com-
missioning Plan to refl ect input from Workshop 
No. 5

The fi nal Performance Targets determined by the 

team at Workshop No. 5 should be fully integrated 

into the OPR and BOD documents. Performance 

Targets constitute a critical component of the Com-

missioning process; the Commissioning Authority 

will incorporate them into the checklists and perfor-

mance tests that will be created for all related sys-

tems during Stage B.6.

B.5.3  Cost Analysis

� Document integrated cost implications of fi nal 
design decisions

Typically, in the midst of the pressure to produce 

fi nal bidding documents, there often is a tempta-

tion to pull elements out of the project to achieve 

lower costs. Evidence that the team has analyzed 

integrated cost bundles, in the form of cost bun-

dling spreadsheets, can avoid this problem. The 

cost bundles can demonstrate that the elimination 

of some line items may be very expensive if pursued 

outside of the context of the whole project cost and 

in light of operations cost returns.

For example, removing exterior shading devices will 

have implications for daylighting design, glare con-

trol, window selection, and HVAC system sizing. All 

components are connected; some of these connec-

tions have potentially greater cost implications than 

others.

B.5.4  Schedule and Next Steps

� Plan quality control review process of Construc-
tion Documents

Specify the dates, specifi c disciplines to be ad-

dressed, and review methods to coordinate the 

check sets and fi nal set of CDs. This now includes 

incorporation of the Commissioning Authority’s De-

sign reviews and team responses.

� Distribute Workshop No. 5 report

This report should primarily be focused on process 

due dates, interim check-set deliverables, team 

member responsibilities, and coordination meetings 

necessary to achieve a fi nal set of coherent and inte-

grated drawings and specifi cations documents.
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Stage B.6
Construction Documents—No More Designing

B.6.1  Documentation Activities

� Complete Bidding Documents with thorough Specifi cations that communicate both performance require-

ments and project intentions for integrating the four key subsystems

� Commissioning: Update Commissioning Plan and insert Commissioning requirements into Specifi cations

B.6.2  Principles and Measurement

� Finalize performance calculations to validate fi nal design and document results

� Produce fi nal Measurement and Verifi cation (M&V) Plan to build performance measurement and feed-

back mechanisms into project

� Commissioning: Perform detailed review of Drawings and Specifi cations to ensure consistency with OPR 

and BOD

B.6.3  Cost Analysis

� Review unique cost implications with builder and fi nalize cost estimate

B.6.4  Schedule and Next Steps

� Schedule quality control reviews of Construction Documents

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVo OVV

pancy,Part C – Occup
and Operations, 

eedbackPerformance Fe

Figure 7-24 Integrative Process 

Stage B.6, Construction Docu-

ments. Image courtesy of 7group 

and Bill Reed; graphics by Corey 

Johnston.
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Stage B.6

Construction Documents—No More 
Designing

In the best of worlds, this stage is a disciplined pro-

cess of drawing and specifi cation documentation. Dis-

ciplined means that there are check points along the 

way that will verify the systemic integration and coor-

dination of systems through the Construction Docu-

ments. We need to state—somewhat facetiously—that 

this is more than the typical process of checking to en-

sure that beams do not confl ict with sprinkler pipes or 

ductwork that, in turn, do not confl ict with light fi xtures, 

etc. To achieve a deep optimization of systems, al-

most every decision and interrelationship needs to be 

understood and reconfi rmed. It is necessary to make 

sure that the people doing the technical documenta-

tion understand why and how decisions have been 

made, so that they can “think into” the issues and 

resolve any remaining discrepancies with the same 

level of creativity and understanding that informed the 

design team’s integration of the four key subsystems. 

This is where the Building Information Modeling (BIM) 

tools discussed at the beginning of Chapter 6 will be 

very useful.

B.6.1  Documentation Activities

� Complete Bidding Documents with thorough 
Specifi cations that communicate both perfor-
mance requirements and project intentions for 
integrating the four key subsystems

We have found that currently the level of green build-

ing knowledge and experience differs in every region 

and that the level of understanding of such projects 

on the part of various builders and subcontractors 

varies in each city and place. The drawings and, in 

particular, the specifi cations should be produced 

and written in a way that conveys the information in 

a clear and comprehensible manner; how that infor-

mation ultimately is conveyed may need to be tai-

lored to the knowledge base of the contracting pool 

in a given place.

Recently, in a city where the economic climate was 

very healthy, few subcontractors were interested in 

working on green projects, because they had all the 

work they needed and more. When approached with 

a specifi cation that mentioned green and LEED, their 

almost automatic reaction was to add 20 percent to 

their bids in order to deal with the “hassle factor” of 

unusual requirements. In this case, for a public proj-

ect that precluded design-phase builder involvement, 

we pulled all references to green out of the specifi -

cation and used what we named a bait-and-teach 

approach. Once the apparent low and responsible 

bidder was told they had received the award for their 

portion of the work on the project, we invited them 

to discuss some possible options—such as alter-

nate materials or Construction and Demolition waste 

management protocols. We found the subcontrac-

tors were much more willing to learn and experience 

something new when they believed that they had 

already been awarded the work. This context made 

them more open to understanding the purpose of the 

new ideas, and to seeing that these options were not 

that alien to their normal practices. This practice only 

lasted a year or two, until there was more interest in 

environmental work and green buildings in that area. 

We mention this to make the point that it is neces-

sary to know the local skill sets and competition that 

exist in the project’s place. In other locations, by the 

way, we have seen strong interest in green buildings 

where builders have begun to use their experience on 

such projects as a market differentiator.

� Commissioning: Update Commissioning Plan 
and insert Commissioning requirements into 
Specifi cations

� The systems to be commissioned are gathered 

from the effort to date and posted in commis-

sioning specifi cations, as well as in the draft ver-
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sion of a Commissioning Plan. Systems that are 

most commonly considered appear in Figure 

7-25. Any renewable energy systems should be 

included as well. 

� Once the systems to be commissioned are es-

tablished, a list of the equipment in each of these 

systems is developed. The result of this effort is 

the creation of a tracking form in the Commis-

sioning Plan.

� From the tracking form, individual construction 

checklists for each piece of equipment to be 

commissioned are created in the Commission-

ing Plan as well. Development of construction 

checklists begins as specifi c equipment is identi-

fi ed. As part of this process, it is necessary fi rst 

to identify on these checklists the equipment and 

associated parameters as they are defi ned in the 

Basis of Design document. This carries the ear-

marks of the BOD into the fi eld and provides a 

comparative standard for evaluating potential al-

ternatives and substitutions. Accordingly, space 

is dedicated on these checklists for document-

ing what is submitted by contractors through the 

construction submittal process, again providing 

HVAC System Electrical System

Water Source Heat Pumps Power Distribution System—Switchboards

Hydronic Piping Systems Variable Speed Drives

HVAC Pumps Engine Generators

Various Unit Heaters Transfer Switches

HVAC Chemical Treatment System Lighting Control Systems

Air Handling Units Installation of Individual Motor Control

Radiant Heating and Cooling Units Equipment Systems Power 

Building Maintenance and  Control System  

(DCC) — Including an intentional sequence of 

operation

Fire Alarm and Interface Items with HVAC  (i.e.: smoke 

evacuation, smoke dampers, et cetera)

Ductwork Other

Fire/Smoke Dampers Building Insulation Installation

Centrifugal Fans Building Roof Installation Methods

Testing, Adjusting, & Balancing  Doors & Windows Installation Methods

Building/Space Pressurization Water Infi ltration/Shell Drainage Plain

Fire Pumps and Controllers Shell Flashing Details

Figure 7-25 List of systems to be commissioned from a sample project.
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a chance to refl ect on the details of the BOD for 

comparative purposes when evaluating specifi c 

equipment submissions. Finally, space is allot-

ted for recording what is actually installed. Again, 

contractors may look upon this as wasteful and 

time-consuming paperwork, but this paperwork 

draws people into focusing on details that are 

very important to the integrity of the team’s ef-

forts—a process aimed at satisfying the goals of 

the OPR through the defi ned performance pa-

rameters of the BOD that are then translated into 

the fi eld.

� Development of a Functional Performance Tests 

(FPT) tracking form in the Commissioning Plan 

follows, based on the systems listed above. This 

serves as a guide for creating functional perfor-

mance tests of all commissioned systems and 

equipment. It outlines a methodology for gather-

ing the related information from submittals and 

design documents that will enable the Commis-

sioning Authority to develop testing protocols 

and performance parameters to verify that the in-

tended sequences of operations are functional.

� Commissioning specifi cations (developed in par-

allel with the Commission Plan) typically impact 

several sections of the administrative divisions of 

a project’s specifi cations, including such sections 

as Project Management and Coordination, Sub-

mittal Procedures, Quality Requirements, Close-

out Procedures, Operations and Maintenance, 

Data and Demonstration, and Training—all are 

touched by the commissioning process. More 

pointedly, a dedicated General Commissioning 

Requirements specifi cation section is often nest-

ed in Division 1 with other specifi cations joined 

to the traditional 15000 (Mechanical Systems) 

and 16000 (Electrical Systems) Divisions that will 

spell out trade responsibilities related to installa-

tion commissioning. It also provides examples of 

related documentation tools, such as construc-

tion checklists and functional performance test 

tracking forms (more about these in Chapter 8).

B.6.2  Principles and Measurement

� Finalize performance calculations to validate 
fi nal design and document results

This is self-explanatory—all fi nal calculations verify-

ing achievement of Performance Targets should be 

cross-checked with fi nal documentation of all relat-

ed systems.

� Produce fi nal Measurement and Verifi cation 
(M&V) Plan to build performance measurement 
and feedback mechanisms into project

The fi nal M&V plan should be prepared as outlined in 

Stage B.4.2. The submetering needs identifi ed in the 

plan should be incorporated into the fi nal construc-

tion documents. If the submetering will be tied to the 

building’s energy management system, then coordi-

nation with the building controls system components 

will be necessary. The post-occupancy implemen-

tation of the plan should be discussed so that any 

contractual arrangements necessary to implement 

the M&V plan post-occupancy can be agreed upon 

and executed.

� Commissioning: Perform detailed review of 
Drawings and Specifi cations to ensure consis-
tency with OPR and BOD

Perspective is very important at this stage. The 

Commissioning Authority is more than a drawing 

checker. Redlining obvious incompleteness and 

noncompliance with the BOD does little to build 

relationships with the design team, so the Com-

missioning Authority can be most helpful by also 

adopting the perspective of the eventual facility 

manager. As such, the Commissioning Authority 

can help the team gain early insight into how the 

documented design conveys both installation in-

struction and end-user accessibility. A good ex-
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ample of these two perspectives can be illustrated 

in the review of equipment schedules for major 

HVAC systems. So what is in the name assigned to 

a piece of equipment?

For example, an air handler is scheduled for a des-

ignated area of service. It follows that the area of 

service defi nes the area of load for that air handler, 

and thereby its capacity. Typically, an air handler 

will support numerous local-zone fan coils, VAV 

units, or heat pumps on one side, and it may be 

supported by various pumps and heat exchang-

ers on the other—an entire system of components, 

with the air handler in the center of a very spe-

cifi c set of localized circumstances. In the sched-

uling of this air handling unit, though, engineers 

are chiefl y concerned with capacities and ease of 

documentation, so they frequently schedule major 

equipment based on capacity, and then assign the 

same unit number (e.g., AHU-1, or air handling unit 

1) to all similar units serving various other spaces 

or zones in multiple locations throughout the build-

ing. The same name, AHU-1, is used in both the 

equipment schedule and on the mechanical plans 

for each of these locations, for example, in seven 

different places. Although all seven of these units 

may be identical, the individual location-specifi c 

issues associated with each can differ consider-

ably in the fi eld.

The Commissioning Authority, then, might think 

about who is affected by naming all of these units 

AHU-1 once they fi nd their way into the fi eld. Deliver-

ing and storing each air handler upon arrival involves 

trade contractors, haulers, factory workers, and 

product reps. Setting and installing the air handler 

into its correct place at the center of each location-

specifi c system then involves the HVAC contractor, 

the electrician, perhaps the plumber, the fi re alarm 

installer, the controls provider, the test and balance 

technician, various building code inspectors, and 

the Commissioning Authority, all of whom likely will 

need to coordinate their issues about AHU-1, but 

which one are we talking about when they all have 

the same name?

Once each air handler is started and commissioned, 

it becomes the responsibility of the owner and his 

facilities team. How do we introduce each of these 

air handlers to the maintenance technician? Do 

we show him on the equipment schedule that this 

is AHU-1 and walk away? What is the number one 

concern that the maintenance technician has about 

each air handler? He wants to know what area, or 

areas, of the building each specifi c unit serves. 

And what about all of the equipment supported by 

AHU-1?

For each piece of HVAC equipment (e.g., a series of 

heat pumps, each called HP-2) we can assign the 

same litany of localized connections and conditions 

that we have identifi ed for AHU-1. Then we might also 

have a similar set of players all trying to coordinate 

installation and connections to HP-2—again, which 

HP-2 are we talking about? And for each of these 

pieces of equipment, the maintenance technician will 

have the same chief concern he had about AHU-1.

So much depends on the designers’ scheduled 

equipment identifi cation, from delivery through in-

stallation and into operations. Unless the engineer 

begins with some geographic orientation for naming 

equipment in the schedules, the installation process 

will be confusing at best and will not meet the own-

er’s end-use needs or performance targets. When 

asked to consider such location-specifi c naming in 

a Commissioning design review log, designers will 

often object, making reference to how room num-

bers are not complete or are subject to change, so 

there is no point in doing it that way—but there are 

other ways to schedule a piece of equipment so that 

it is tied to a specifi c location in the building. Resolv-

ing this issue early in the process is just one more 
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example of where OPR and BOD must converge to 

inform design documentation, not only for achieving 

end results but also for affecting the required steps 

leading to those end results in the fi eld.

B.6.3  Cost Analysis

� Review unique cost implications with builder 
and fi nalize cost estimate

This may seem like a late date to be determining 

the cost of the building, but the reality is that you 

will not know for sure what the costs are even now. 

Estimating is a process of progressive confi rma-

tion, and this is the case no matter what design 

process you are using. However, project-specifi c 

unique components are particularly germane to 

green projects, so this serves simply as a reminder 

to ensure that they are discussed and understood 

in the fi nal estimate.

B.6.4  Schedule and Next Steps

� Schedule quality control reviews of construc-
tion documents

Depending on the complexity of the project, quality 

control reviews may include peer review of the CD 

package, or these may have been addressed via 

BIM tools. Ultimately, quality control is about getting 

the team to take the time to collectively walk through 

the construction documents conceptually with a 

focus on the intended performance of the project, 

so that the team is in alignment with the fi nal docu-

ments that will guide construction and operations, 

which is the subject of the next chapter.
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A
t this point in the process we have completed a 
fi nal set of construction documents that now is 
ready for bidding. Generally speaking, this docu-

mentation takes the form of a large stack of drawings 
and a much larger stack of bound paper and/or elec-
tronic specifi cations that are issued to contractors for 
fi nal pricing. As you may recall from Chapter 1, our 
conventional process faces an abyss that exists between 
design and construction professionals. We expect con-
struction professionals during bidding to understand 
the hundreds of thousands of person-hours of re-
search, analysis, decision making, and documentation 
that are embedded into these bidding documents in a 
matter of a mere week or two. This “understanding” is 
reached by multiple separate contractors and subcon-
tractors reviewing fragmented and incomplete sets of 
bidding documents in isolation from one other.

These bidding contractors and construction pro-
fessionals often understand quite well how to build 

c h a p t e r

Construction, Operations, 
and Feedback

8

Perfection is achieved not when there is nothing 
more to add, but when there is nothing left to 
take away.

—Antoine de Saint-Exupéry, aviator, writer, and 
philosopher; translated from the French, “Il semble que 

la perfection soit atteinte non quand il n’y a plus rien 
à ajouter, mais quand il n’y a plus rien à retrancher.” 

From Antoine de Saint-Exupéry, Terre des Hommes 
(Land of Men), Paris: Gallimard Education, 1998, original 

copyright 1939 (Translated into English as Wind, Sand, 
and Stars in 1939)

However beautiful the strategy, you should 
occasionally look at the results.

—Winston Churchill



what is documented, and they generally understand 
the basic concepts behind the design of the systems 
they are pricing. But in a conventional process no 
communication is provided to them about why these 
systems were designed the way they were. They likely 
do not even know what decisions were made and what 
options were discarded, much less what intentions 
drove these choices. Hence, bidding contractors may 
be seeing what needs to be done through the lens of 
“how we’ve always done it.” This perception can po-
tentially be magnifi ed when an integrative process is 
implemented. The design team’s intentions and dis-
coveries are likely to lead to less conventional solu-
tions and interrelationships when all systems have 
been analyzed through the lens of a larger whole, as 
opposed to conventionally optimized systems in isola-
tion—and another layer of misunderstanding is likely 
to emerge.

Further, the conventional bidding process is con-
ducted by breaking the whole of the design (which 
was assembled in fragments to begin with) into frag-
mented pieces again, with each system being priced in 
isolation by separate construction professionals. Each 
prime contractor or subcontractor typically gets only 
a small piece of the bidding documents—the sections 
that pertain only to his or her area of purview. These 
sections are sometimes not even full systems by them-
selves. Like the design professionals, these construc-
tion professionals possess tremendous acumen in 
understanding the systems within their purview; but 
also, like the designers, these contractors fi nd them-
selves stuck within silos that have them looking at 
their components in isolation. In many cases, they are 
contractually obligated to do so.

Worse yet, the construction professionals conven-
tionally have had little or no input into the design and 
decision-making process. The abyss is widened and 
deepened, since no interaction whatsoever occurs be-
tween design and construction professionals until bid-

ding and construction begin. And then, as mentioned 
in Chapter 1, this very complex and unique product (a 
building) that never has been built before (nor will be 
again) is constructed with no opportunity for working 
out the bugs until it is being constructed or is com-
pleted. Finally, it gets worse yet again: this process is 
implemented by construction and design profession-
als that more or less are obligated to function as adver-
saries, due to a contractually reinforced misalignment 
of purpose.

In short, this “perverse construction delivery 
methodology” leaves innovations unleveraged, be-
cause any improvements that occur are confi ned to 
their silos and secluded from the whole. Consequently, 
our buildings are fraught with redundancies, unneces-
sary costs, and a great deal of wasted time and effort, 
not to mention a whole set of malfunctioning com-
ponents. Revisited in this context, it is not surprising 
that 90 percent* of the buildings in the United States 
experience either controls problems or nonfunction-
ing heating, ventilating, and air-conditioning (HVAC) 
components—or both—upon occupancy and during 
the fi rst year of operations. This number may in fact 
be higher—perhaps even 100 percent. Remember the 
cabin in the woods from Figure 1-15?

THE EVOLVING COMMISSIONING PROCESS

We believe that these malfunctions are the result of 
a fragmented design and construction process exac-
erbated by an utter lack of any quality control (QC) 
mechanism. The integrative design and commission-
ing process provides a means for beginning to fi ll this 
quality control gap and for bridging the disconnect 
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*Based on data from the Lawrence Berkley National Laboratory in a 
survey of 60 newly constructed buildings in 1998. Remarkably, 15% 
of these buildings were missing equipment that had been specifi ed and 
documented in the construction documents.
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between design and construction professionals, as we 
have discussed in prior chapters. High-quality com-
missioning, then, is a critical component of the inte-
grative design process.

One of our partners recently quipped: “Every proj-
ect in America has a Commissioning Plan, and here 
it is: We know it’s not going to work once occupied, 
so we’re going to fi x it during the warranty period, 
and then we’re going to pay additional fees in service 
calls or service contracts to fi x problems that didn’t 
get solved during that warranty period.” This obser-
vation invites the question: how can we construct an 
intentional commissioning plan aimed at overcoming 
this condition? Owners have begun asking this ques-
tion. They have recognized the current condition as 
untenable and unacceptable. Many want to engage 
such an intentional commissioning plan, but they are 
still trying to fi gure out exactly what is the best form 
or process for implementing that plan. One thing is 
for sure: the process of commissioning is still evolving, 
and what we believe to be correct today may or may 
not be the best process tomorrow—commissioning 
itself is evolving.

What we see today is that commissioning is not 
construction, and it is not design—but it infl uences 
both. The Commissioning Authority (CxA) is an odd 
term, because the CxA has no actual contractual au-
thority to change the design at any time in the project 
or to direct construction activities. With these appar-
ent drawbacks, the CxA must rely on other skill sets to 
accomplish the work of ensuring design compliance 
and systems performance during construction. Be-
sides technical expertise, some of the most important 
skills required of a good CxA are the ability to com-
municate, collaborate, mediate, remain objective, and 
most of all, remain calm. This becomes especially im-
portant in the midst of what remains—in the minds 
of many—essentially a traditional construction pro-
cess with an extra player. The CxA often is perceived as 

either just another inspector—another cop—or con-
versely, and even worse, as a troubleshooting tool for 
helping contractors complete their fi nal closeout.

So what is construction phase commissioning, re-
ally? Well in short, it is quality control, right? But how 
is that implemented? What is the process? Currently, 
most presentations and seminars aimed at teaching 
the commissioning process identify three phases: de-
sign, construction, and acceptance. From our tradi-
tional process, all of us can identify the design phase 
as quite discrete, and we certainly recognize the dura-
tion of the construction phase; the design phase ends 
with the completion of Construction Documents, and 
the construction phase generally ends at “substantial 
completion,” named such because this milestone gen-
erates substantial payment and the commencement 
of the warranty period. But where in the traditional 
process do we fi nd an identifi able acceptance phase? 
Where in this process does the functional perfor-
mance of the building’s systems get verifi ed? The sim-
ple answer is nowhere. This phase is new. As we have 
identifi ed above, most of the time, the “acceptance 
phase,” currently, consists of fi xing problems through 
the warranty period to some nebulous point beyond: 
Engineers often tell us that they commission every 
project—it just occurs over the fi rst fi ve years of oc-
cupancy, and they have no documentation to show for 
it, other than invoices for their services.

Where in this process might “functional comple-
tion” occur? Perhaps an equivalent in the traditional 
process might be the completion of an engineer’s 
punch list? Providing inspection certifi cations and 
operations and maintenance (O&M) documentation? 
Issuing an occupancy permit? The problem here is 
that each of these events is a static representation of 
a dynamic, almost organic, living project. When are 
components even tested for functional performance, 
let alone deemed functionally complete? For building 
conditioning systems, “testing, adjusting, and balanc-
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ing” occurs, but even testing, adjusting, and balanc-
ing (TAB) reports represent isolated static conditions 
prior to the actual use of a fully functioning facility. 
So, again, we conclude that the traditional 12-month 
warranty period of the conventional construction de-
livery methodology serves, more often than not, as a 
less than ad hoc acceptance phase. During this period, 
functional performance is tested by means of address-
ing complaints and premature failure. This may cor-
rect system defi ciencies, but it does not provide any 
feedback for improving the overall design process nor 
does it test systems performance—and it comes no-
where close to measuring the resources lost to well-
intended equipment installation that perhaps never 
gains the full benefi t of effi cient operation. In the tra-
ditional construction delivery process, then, not only 
is there no defi ned acceptance period but what con-
stitutes acceptance and functional completion goes 
undefi ned as well.

An intentional commissioning process establishes 
a discrete acceptance phase and defi nes criteria for 
functional completion. Performing successful func-
tional tests in accordance with the Commissioning 
Plan’s clearly defi ned protocols and quantifi ed compli-
ance constitutes functional completion. The commis-
sioning plan generally identifi es that undefi ned gray 
area between substantial completion and occupancy as 
where the acceptance phase for such functional test-
ing wants to reside. However, although the acceptance 
phase truly is an extension of construction, it also 
seems to want to occur during early occupancy, when 
system use actually begins and loads on these systems 
are real. Facilities such as hospitals and public safety 
institutions may not lend themselves to testing during 
occupancy, but these are exceptions to the majority 
of building types that do indeed lend themselves to 
early occupancy testing and tune-ups. Buildings like 
schools, offi ces, university facilities, and other non-
critical buildings can benefi t from a slightly delayed 

functional testing period. Every project suffers from 
completion anxiety; often, a delayed functional testing 
period will allow the trades to properly complete last-
minute items that can become critical to delivering a 
successful project.

Defi ning what successful means is, in fact, part 
of the Commissioning process. If success means 
bridging the communication gap between design 
and construction professionals and also bridging the 
gap between abstract design intentions and actual 
building performance, then our experience with the 
commissioning process gives us cause for optimism 
about the future. If the purpose of commissioning is 
to build both better relationships and better build-
ings, we see signs that these early commissioning ef-
forts hold great promise for the building industry. 
Perhaps the most important bridge that commis-
sioning will provide, as it evolves, is the bridge from 
our current fragmented process to a future in which 
commissioning will no longer be necessary.

LEARNING FROM FEEDBACK

Such a future will depend on how our process evolves, 
which in turn is dependent on continuously inputting 
feedback from the results of our integrative process 
into that process for the purpose of evolving it fur-
ther. According to Wikipedia, “Feedback is a process 
whereby some proportion of the output signal of a 
system is passed (fed back) to the input. This is often 
used to control the dynamic behavior of the system.” 
(http://en.wikipedia.org/wiki/Feedback, accessed June 
2008) Within the design and construction industry, 
there is a defi nitive lack of feedback. As we have seen, 
much of the feedback that currently is received comes 
in the form of major problems during the facility’s ini-
tial warranty period, requiring designers and contrac-
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tors to revisit and troubleshoot in search of a solution. 
This feedback is almost always negative—complaints 
about this or that system not working properly; there-
fore, designers and contractors usually are reluctant to 
share any lessons learned for fear of scaring away fu-
ture clients. Positive feedback tends to be strictly anec-
dotal, such as the owner telling the architect that they 
like this or that aspect of the building.

To create better buildings that achieve a far greater 
level of performance, the building industry needs to 
create additional avenues of feedback in order to learn 
and evolve. Too often, designers and contractors keep 
doing the same thing over and over, not necessarily 
because it really works well, but because they have 
not received any negative feedback in the form of too 
many complaints (or lawsuits). Building owners, de-
signers, and contractors should be investing time to 
create opportunities for receiving feedback in the in-
terest of learning how to improve the performance of 
future projects.

In its simplest form, this feedback can consist of 
activities ranging from simple follow-through to gath-

ering performance data, such as energy use and cost. 

Feedback also could include more sophisticated data 

gathering, such as post-occupancy evaluations (POE) 

or complex analysis of multiple systems, such as full 

Measurement and Verifi cation (M&V) studies, both 

of which have already been introduced, but will be 

discussed in detail later in this chapter. Whatever form 

it takes, the purpose of generating feedback is to learn 

from what works and what does not work, so that we 

can do a better job next time.

Post-occupancy evaluation is an important prac-

tice that addresses how buildings and their occupants 

perform in relation to each other and to their larger 

context. Beyond the relatively simple measurement and 

verifi cation of energy performance—based on quantifi -

able indicators such as utility bills, energy metering, and 

so on—POE addresses issues that quantify and assess 

the quality of life and health of a building, its place, and 

its occupants and, in the future, will address the health 

of the living systems of the site and region that are im-

pacted by our structures and operation.

Figure 8-1 Feedback loops from com-
missioning and post-occupancy evaluations 
(POEs) reach far beyond those of the stan-
dard design and construction process. The 
information and insights from this feedback 
can improve the current project and inform 
future projects. This graph by Kristen John-
son originally appeared in “Post-Occupancy 
Evaluations Learning from Experience with 
Green Buildings,” Environmental Building 
News, September 2003.
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Post-occupancy evaluations can be a one-time 

event. However, these evaluations are most effec-

tive when implemented as a continuous process of 

feedback. In terms of practicality, there are systems 

whose performance can be measured continuously 

with relative ease, by looking at factors such as en-

ergy consumption and maintenance costs. Other, less 

quantifi able metrics—such as employee productivity, 

wellness, psychological health, and the health of other 

natural systems—beyond the building’s physical sys-

tems are assessed periodically.

To close the loop on design, POE is necessary. 

This loop consists of gathering feedback to inform 

both the current project’s performance and the evo-

lution of the design process. Measured outputs from 

the building’s systems are passed back as input for the 

purpose of making adjustments and improving their 

performance; via such feedback mechanisms, we can 

understand the effectiveness of our design decisions—

we can then improve how and what we think about, 

allowing us to address more systematically and inten-

tionally future design endeavors. Like with any organ-

ism, feedback from a building’s systems (including its 

occupants) serves a vital function in terms of sustain-

ing an organic and healthy whole system.

HERE’S WHERE WE ARE

We have completed the construction documents. 

Again, we now have large stacks of drawings and 

specifi cations (or huge electronic fi les) that are issued 

for bidding. These documents are distributed to all 

potential prime bidders and subcontractors, who are 

given four weeks or so (which in reality means one or 

two weeks) to put a price on the work defi ned by these 

documents.

Not long after bidding documents hit the street, 
a Pre-Bid Conference is convened to review bidding 
procedures, clarify alternates, point out special condi-
tions, and identify unique aspects of the project with 
prospective bidders.

Somewhere in the middle of this pricing effort, 
a series of clarifi cation questions are submitted to 
the architecture and engineering (A/E) team. Often, 
responses to these questions and requests for clarifi -
cations are accompanied by addenda to the bidding 
documents. More often, addenda are published that 
alter the bidding documents to incorporate additional 
documentation that was not completed by the out-to-
bid deadline.

Submitting contractors consolidate the bid num-
bers that they have gathered from various trades and 
submit their fi nal bid to the owner. The owner’s proj-
ect team evaluates these bids, and the owner awards 
contracts to the lowest “qualifi ed” bidders. Not long 
afterward, a Pre-Construction Conference is convened 
with the successful bidder(s) for the purpose of rein-
forcing the project’s unique aspects and explaining 
administrative procedures, communication channels, 
and the chain of command.

Within a few weeks, the builder mobilizes and con-
struction begins under a command-and-control hier-
archy using a conventional process and techniques that 
everyone understands. This process has evolved in a way 
that allows construction to proceed with a minimum 
amount of communication required—to make things 
easier. It allows for everyone to proceed doing what 
they do best without being told what to do—it encour-
ages independent action. And everyone is comfortable 
with this, since procedures generally rest on collective 
understanding of common practices, conventions, and 
assumptions. Each trade has specifi c and, in general, 
clearly defi ned tasks within their contract.

Design team members most often are contrac-
tually obligated to observe construction but only to 
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evaluate conformance with the Construction Docu-
ments (CDs), since these documents defi ne what 
the owner has purchased by accepting construction 
bids. Frequently, A/E fi rms utilize their Construction 
Administration department’s staff to monitor these 
construction activities. The level of involvement in 
construction activities that this staff engages gener-
ally includes attending biweekly job-site conferences, 
reviewing shop drawings and submittals, responding 
to requests for information (RFIs), approving payment 
applications, and processing change orders.

Change orders are used to resolve confl icts, errors, 
and omissions. Many of these confl icts directly result 
from the rush to complete construction documents. 
Others result from a lack of coordination between 
design consultants and between systems. Still more 
arise in the fi eld due to unanticipated confl icts be-
tween components and trades, along with other un-
foreseen conditions. Change orders are generally paid 
from the project’s budgeted contingency, which usu-
ally amounts to 5 to 10 percent of the contractually 
defi ned construction cost.

Tradespeople and subcontractors attend biweekly 
job conferences to assess and report project status to 
the owner. Other than these meetings, interactions be-
tween these contractors and trades occur only when 
confl icts between systems and responsibilities arise.

The Commissioning Authority is brought to the 
site to confi rm that building energy systems equip-
ment and components (such as HVAC and electrical 
systems) are installed and functioning in accordance 
with the Owner’s Project Requirements (OPR), the 
design team’s Basis of Design (BOD), and project 
specifi cations.

Construction proceeds until Substantial Comple-
tion. At this point, substantial payment is made to 
all contractors and subcontractors, and everybody 
leaves, except for a few people involved with address-
ing punch-list items. Soon afterward, construction re-

tainage is released, and all contractors and A/E team 
members are paid their fi nal fees.

Occupancy follows in short order, warranty peri-
ods begin, and the building is turned over to the own-
er’s facilities staff; this staff enters operations mode 
with a sophisticated set of controls. When these con-
trols, equipment, or systems malfunction during the 
standard twelve-month warranty period, contractors 
are called back to the site to fi x lingering problems.

Final LEED documentation is gathered and sub-
mitted to the U.S. Green Building Council (USGBC), 
LEED certifi cation is awarded, and the process ends 
here.

STOP AND REFLECT

What’s Working?

Of course, the process described above is a general-
ized one, consisting of almost infi nite variants, but its 
essential aspects are familiar, right? Familiarity makes 
it work; utilizing this conventional process, projects 
are delivered within reasonably consistent cost and 
time expectations. The fi nal results fi t generally ac-
cepted performance criteria. There are few surprises, 
and while everyone expects there to be problems, we 
do not have to reinvent the wheel for each project. We 
are comfortable with this way of bidding and building. 
Once we learn the conventions, the complex processes 
of realizing a building are almost automatic, so expec-
tations are easily met.

The bidding process works very effi ciently for the 
most part. The quality specifi ed is generally achieved 
with the lowest practicable price. Market-driven com-
petitive pricing generally keeps costs within fairly 
predictable ranges. The feedback of the marketplace 
ensures that artifi cially low prices and low-quality 
construction are not repeated too often.
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Well executed construction documents and speci-
fi cations defi ne responsibilities of all parties, so there 
is little question of expected deliverables.

Workplace safety is generally well managed. Oc-
cupational Safety and Health Agency (OSHA) regula-
tions and insurance practices are effective.

Life-safety codes and ADA (Americans with Dis-
abilities Act) compliance are enforced through inspec-
tions by public agencies, generally providing high levels 
of protection and accessibility to the public.

Unfortunately, though, this list of “what’s work-
ing” is short. We struggled to come up with additional 
positive aspects.

What’s Not Working?

Given the short time frame of the bidding process 
and the lack of builder involvement in the design pro-
cess, further fragmentation of an already unintegrated 
whole system occurs. Specifi cation sections are distrib-
uted to the subcontractors and vendors as independent 
pieces. Each system or component is priced in isolation. 
Problems occur when a subcontractor assumes the sys-
tem they are pricing is connected to other systems in 
a conventional way. The implications and resulting 
consequences of building systems that may have been 
downsized or eliminated through earlier system’s inte-
gration and optimization processes have likely not been 
communicated to the subcontractors. We have found 
that fi nal prices, more often than not, are based on 
the premises, “Well, we thought you must have meant 
this” and “we’ve never seen anyone build it this way be-
fore,” so “why would we bid it that way? Here’s the way 
we’ve priced it.” Or more specifi cally, regarding HVAC 
systems, for example, “We didn’t think you were really 
going to use that sequence, so we didn’t bother to pro-
gram it into the HVAC control system.”

Additionally, since so many design changes oc-
cur during the conventional construction documents 

phase, effective integration of these changes rarely oc-
curs, inevitably leading to addenda during bidding 
and change orders, often costly, during construction. 
Further, although the “fi nal pricing” of the bidding 
process establishes a bottom-line number, it is not un-
usual to see an additional 10 to 20 percent added in 
the form of such addenda and change orders, depend-
ing on the quality of the bidding documents.

The typical construction process is rigorously hier-
archal. Its effi ciency is based on collective conventions 
that allow relatively fast command-and-control deci-
sions to be made via a vertically organized hierarchy of 
decision making. Without the benefi t of easy feedback 
mechanisms to inform and adjust these decisions, it is 
diffi cult for the bidding and construction process to 
respond to new techniques and more integrated sys-
tem relationships.

The subcontracting trades often get in each oth-
er’s way. Previously installed systems may need to be 
partially undone and redone to accommodate systems 
installed improperly or in the wrong sequence. When 
the “it’s not my job” issue is raised, change order ne-
gotiations begin for time extensions and extra cost. 
Sometimes, these changes and construction revisions 
impact other systems in unanticipated and surprising 
ways, unknown or unforeseeable to unintegrated con-
struction teams that did not participate in the analysis 
of systems interrelationships and cost bundling, po-
tentially resulting in long-range signifi cant cost im-
pacts that extend well beyond construction.

For example, the following story illustrates how 
problems during construction, such as improper in-
stallation, can have major cost impacts well into oc-
cupancy (unless discovered by the Commissioning 
Authority). We were involved in the renovation of a 
one-hundred-year-old, nine-story offi ce building in 
downtown Baltimore, Maryland, one of our early proj-
ects. Our role in the project was fundamental building 
commissioning to satisfy LEED requirements. The 
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building was being completely gutted, and all the me-
chanical and electrical systems were being replaced. 
The mechanical system being installed was a primary 
and secondary water-loop heating system with three 
1-million Btu boilers. The piping system in the me-
chanical room consisted of 6-inch and 8-inch welded 
steel. During one of our midconstruction commis-
sioning site visitations, we were on-site specifi cally to 
verify installation by tracing this piping system. At this 
point in construction, most of the piping system had 
been installed, but the large welded steel piping was 
only tack welded in place and the system was not yet 
fi lled with water. One of our goals for the day was to 
trace the piping for the primary and secondary loops in 
the mechanical room. We followed each fi tting, valve, 
and connection as it was installed, comparing what we 
saw to what was on the construction drawings.

This type of system has two piping loops. The pri-
mary loop includes pumps, piping, and boilers. The 
purpose of the primary loop is to continuously cir-
culate plus or minus 180ºF heating water through the 
boilers and to maintain a source of heating water in 
case the building needs heat. The secondary loop in-
cludes piping and pumps as well; it circulates water 
through all the heating devices in the building. The 
primary and secondary loops operate independently 
of each other, while sharing a common body of heat-
ing water. There are two piping connections between 
the primary and secondary loops. The secondary-loop 
return piping has an open connection to the primary-
loop return piping. The primary-loop supply piping is 
connected to the secondary loop with a control valve 
(on the suction side of the pumps). If the second-
ary loop needs more heating water, then the control 
valve will open between the two loops, allowing some 
of the 180ºF heating water from the primary loop to 
mix with the return water from the secondary loop. 
One reason for using this type of heating system is to 
save energy by adjusting or resetting the heating water 

temperature to match the heating load, depending on 
outdoor air temperatures.

The two piping connections that join the primary 
and secondary loops are the most critical connections 
in the system. The return connection from the second-
ary loop must be downstream of the supply connec-
tion from the primary loop. If these connections are 
reversed, then return water from the secondary loop 
will always mix with the primary loop’s 180ºF water, 
cooling it substantially before it is fed into the second-
ary supply piping. If this occurs, the building’s heating 
system will not be capable of achieving anywhere near 
its full heating capacity. The result, of course, is that 
demand for heating cannot be met in heating mode, 
and the building will remain cold. In some cases, this 
mistake has been the cause of entire building sec-
tions experiencing chronic pipe-freezing problems for 
years, until the mistake is discovered—that is, if it ever 
is discovered.

In this case, as can be seen in Figure 8-2, the two 
piping connections were only one fi tting apart. Hav-
ing the return connection on the opposite side of one 
fi tting—an easy mistake to commit—was all it took 
for the system to be piped incorrectly. This mistake 
likely would not have been discovered during start-
up since the building was completed in May, months 
prior to the need for heating. It was estimated that the 
cost of fi xing it post-occupancy—were it to be discov-
ered at all—would have exceeded $50,000 (more than 
the CxA’s fee) by the time the system was drained, the 
welded connection cut, the pipe relocated, the water 
loops recharged, the start-up procedures redone, and 
the system rebalanced. This estimate did not include 
the incalculable cost of having to shut down the en-
tire building during this period and the associated lost 
lease revenue. It is quite likely, though, that this mis-
take would have remained undetected for many years, 
in which case the cost implications are staggering in 
terms of the years of building operations fraught with 
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infl ated energy consumption, freeze-ups, repairs, re-
duced productivity due to lack of thermal comfort, 
potential lost lease revenue from low occupancy rates, 
and so on.

The site observation that enabled avoiding this 
fate was a planned activity. Such visits should be built 
into every commissioning project. It is this type of site 
observation that is intended to help both the engineer 
and the contractor provide the owner a better prod-
uct. Catching mistakes like this early, when the piping 
is unfi nished and the system is dry, means that they 
are relatively inexpensive to fi x. Finding such mistakes 
after systems are complete and operational is much 
more expensive, and failing to discover such mistakes 
until ten or fi fteen years of operations have passed re-
sults in unimaginable and unnecessary high costs and 
environmental impacts.

On another project, a green condominium devel-
opment in Massachusetts had four air handlers. They 
all “worked” at substantial completion. In other words, 
they all turned on. That was the level of functional test-

ing that was done for this system. Unfortunately, for 
the fi rst year of occupancy, many of the apartments 
were uncomfortable and energy bills were quite high. 
Finally, the owner decided to commission the project. 
A not-too-subtle problem was found. A motor for one 
of the air handlers had been installed with reverse po-
larity, causing it to run backward. This was a problem 
that could have been addressed if proper Testing and 
Balancing of the ductwork truly had been implement-
ed and commissioned. The Commissioning process is 
designed to avoid just such issues.

These stories illustrate the lack of real quality con-
trol in our current construction process, especially at 
the end of a project when sophisticated equipment 
and controls are installed. These are just two examples 
from dozens and dozens of similar cases we have en-
countered while commissioning projects over the past 
several years. Many projects suffer delays for various 
and often unpredictable reasons, thereby putting tre-
mendous pressure on subcontractors by forcing them 
to complete their installations as quickly as possible 
in order to get to the next job, where in all likelihood, 
they will be late getting started again. How assured are 
we that a well-integrated installation is being achieved 
under this scenario?

Frustration with this lack of quality control occurs 
on even the smallest projects. In a small house with 
radiant fl oor heating, a pump motor burned out. The 
HVAC and plumbing contractor who installed the sys-
tem had disappeared—on to the next job, late. There 
were no operating instructions provided for this heat-
ing unit. A new HVAC fi rm was brought in. The mo-
tor burned out two more times, frustrating everybody. 
Finally the owner put her ear to the pipes to locate an 
irritating noise that had been present the whole time. 
Assuming that a lack of noise meant something posi-
tive, she opened a valve slightly with a one-eighth-inch 
turn, and the noise went away. After testing over a few 
days, no more burning out of the pump occurred, and 

Figure 8-2 Commissioning fi eld observations found this piping mistake 
early in construction, revealing that the return piping of the building’s 
secondary heating loop was tied into the primary boiler loop in the wrong 
location. At the time, the piping was only tack welded in place, and the 
system was not yet fi lled with water. Had this incorrect piping arrange-
ment not been found, the building would have had far less than adequate 
heating capacity. Image courtesy of Brian Toevs.
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heat delivery has been effective ever since. No one has 
any idea why it is working, but they now know the 
proper setting for that valve.

The point is that our current construction practic-
es have no real mechanism for quality control. Perhaps 
the only quality control measure, when commission-
ing is not implemented in any rigorous way, is the con-
ventional process of testing, adjusting, and balancing 
(TAB). Have you ever read a TAB report? If you have, 
please accept our sympathy; they can be soporifi c. 
Nevertheless, TAB represents a critical component of 
achieving functional completion. However, we have 
asked over two thousand engineers at our training 
and educational workshops the following question: 
What percentage of the content in a typical TAB re-
port would you say is nonfi ction? The highest answer 
we have ever heard is 50 percent. Usually, responses 
range from 0 to 10 percent.

One of the components of a TAB effort includes 
testing airfl ow in ducts. Such tests are conducted by in-
serting measurement probes every six inches around 
the perimeter of a duct (in cross-section) and aver-
aging their airfl ow readings. Once the probes are re-
moved, what is left in the duct? Holes. These are then 
plugged. So we then ask our engineers: How often after 
reading airfl ow test results in a TAB report have you 
found holes in the subject duct? One of our partners 
reports that, before we began commissioning, he never 
found them. So, we ask rhetorically, since the tests were 
not done, where did the airfl ow results indicated in the 
TAB report come from? Hmmm. And perhaps this is 
understandable on one level: Who pays the TAB sub-
contractor? The HVAC contractor. Does the TAB pro-
fessional have any real incentive for fi nding problems?

The point here is that without commissioning, 
TAB theoretically represents the only component of 
quality control in conventional construction. But, in 
reality, these efforts are not particularly effective in 
achieving proper functional completion. This is not to 

say that all TAB reports are worthless (there are many 
conscientious TAB professionals), but evidence indi-
cates a clear tendency in this direction.

We were in the functional testing phase of Com-
missioning an addition and renovation project for a 
Career and Technology Educational Center in Ohio. 
We had been asking for the TAB report for weeks and 
needed it to begin our work. After many delays and 
promises, the TAB report was fi nally delivered. Due to 
delays, time limitations, and scheduling, we were be-
ginning the functional testing at the same time that the 
engineer was reviewing the TAB report. The fi rst unit 
scheduled for functional testing was a small make-up 
air handler with very little ductwork, serving an exist-
ing machine shop classroom. We verifi ed that all the 
devices on the unit operated properly before we began 
the fi rst functional test. The fi rst test was to turn the 
unit on and verify the airfl ow indicated in the balanc-
ing report. The balancer was not available for the test-
ing that day, so we needed to check the report without 
his presence. With the unit operating, we could not 
get an acceptable reading on the airfl ow. This did not 
make any sense, given that the unit was exposed in 
the classroom—there were only four diffusers on a 
short duct run, and the outside air intake was directly 
above the unit. We double-checked all the dampers 
and actuators, and we could fi nd no obstructions in 
any components, all of which had been installed per 
the design. After a half day of testing, verifi cation, and 
searching, we could not determine why there was no 
airfl ow. We could not verify the balancing report. The 
functional testing for this unit had failed almost be-
fore it began.

In discussing the issue with the school’s mainte-
nance staff, we came to realize that this unit was using 
an existing roof opening and hood. The previous pur-
pose of this opening was for exhaust, and the main-
tenance staff recalled that this hood had a back-draft 
damper in the opening. We returned to the space with 
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the contractor, who removed the hood from the open-
ing in the roof, and we found the back-draft damper 
still in place and closed (see Figure 8-3). After the 
back-draft damper was removed, the rest of the func-
tional test was completed without issue.

The TAB report indicated that all tested compo-
nents of this unit were performing within acceptable 
ranges, including correct motor amperage and airfl ow. 
The question is: Was the back-draft damper open dur-
ing balancing and somehow closed after balancing was 
complete? Or was balancing ever really performed on 
this unit?

Later that day, after this unit was functionally 
complete, we began verifying proper operation of 
new variable air volume (VAV) boxes serving tech labs 
from a large existing air-handling unit. There were 
around fi fty VAV boxes with hot water reheat coils 
on this system. The fi rst VAV box we checked would 
not deliver warm air. We checked the operation of the 
control valve and verifi ed that the balancing valve was 
opened. Still no heat. We traced the piping back to the 
main and found the branch isolation valves closed. We 
opened them. With the isolation valves opened, the 
VAV box operated correctly. The second VAV box had 
the same issue—closed isolation valves.

Again, the TAB report indicated that both of 
these VAV boxes were delivering designed water fl ow 
to the heating coils. And again, the question is: Were 
the valves open when the testing occurred and then 
somehow closed afterward? Or was the balancing ever 
actually performed?

At this point, we had completed a full day of func-
tional testing and had a success rate of zero. Our con-
fi dence in the balancing report was gone. The next 
morning, we called for a commissioning team meeting 
and reviewed this report in detail to be sure the work 
had actually been performed. Because of the issues 
with the TAB report, functional testing was postponed 
and did not resume for three months.

An abbreviated summary of other aspects of our 
conventional construction process and operations that 
we would classify as “what’s not working” include:

� Product substitutions frequently occur, and as a re-
sult performance may suffer. For example, a chiller 

Figure 8-3 Top image: Functional testing of a new makeup-air unit tied 
to this existing hood and roof opening for outside air intake resulted in no 
airfl ow, but we could not understand why. Everything else we tested and 
checked on the system worked fi ne, but from below we could not see up 
into this roof opening. We wanted to uncover the mystery, so we removed 
the hood without knowing what we would fi nd.
Bottom image: After removing the hood from the roof opening, we found 
an existing back-draft damper that was closed, prohibiting air intake, but 
the testing, adjusting, and balancing (TAB) report indicated that airfl ow for 
this unit met the design exactly. Images courtesy of Brian Toevs.
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substitution was made to a seemingly identical chill-
er from another manufacturer. After the installation 
was complete, we realized that the substitute chiller 
would not operate at variable water-fl ow rates as de-
signed. The chiller pumps were taken off automatic 
and placed in manual mode, thus negating any po-
tential pump- and/or chiller-energy savings.

� We rarely count the environmental impacts associ-
ated with the construction process beyond imple-
menting Construction Waste Management Plans 
and Construction Indoor Air Quality Management 
Plans. A thoughtful builder of a project on Cape 
Cod in Massachusetts initiated a discussion about 
this issue. He assessed how far his subcontractors 
on the project had to drive to work. Since Cape Cod 
does not have the density to support a variety of 
trades, tradespeople typically must drive to the cape 
from the north. He calculated an average round trip 
of three-and-a-half hours. As a result, he rented 
some apartments for the duration of the project, 
and many of the subcontractors stayed overnight 
when they had consecutive days on the job—saving 
money, time, fuel cost, and a little over two metric 
tons of CO2 emissions per week.

� Workplace safety during construction is limited in 
scope; indoor air quality (IAQ) and toxicant issues 
remain unaddressed in terms of their impacts on 
construction workers.

� Construction usually remains uncompleted: Have 
you ever seen a totally completed punch list? Rarely, 
in our experience. Everyone eventually gives up, of-
ten due to frustration and the pressures of the next 
job. It is frequently impossible to get subcontractors 
and trades back on the site, even when retaining a 
portion of fi nal payment. Everyone just seems to 
fade away, a very dissatisfying conclusion to a gru-
eling process—no acceptance phase and no func-
tional completion.

� Operations staffs usually inherit a building that they 

do not understand; they had little or nothing to do 

with its design or controls. When controls systems 

critical to building systems operations are not under-

stood, performance suffers. Sometimes this lack of 

understanding results in sophisticated controls sys-

tems being simply overridden and placed into man-

ual mode—often with systems left running 24/7.

� The only feedback we receive generally consists of 

complaints about “what’s not working.” These com-

plaints usually are not measured or quantifi ed, so we 

rarely can assess the source. We rarely even address 

the complaint. We have no intentional feedback 

mechanisms built into the process to assess whether 

or not what we intended in the design actually is 

performing as expected after construction, or how 

what was built impacts the performance of building 

occupants. How often do architects go back to sur-

vey occupant satisfaction of the buildings they have 

designed? Rarely. There is little incentive to do so, 

and clients are just beginning to think that it may 

be valuable to elicit these observations.

In conclusion, current practice produces a prod-

uct that more often than not does not perform well. 

In most cases, we do not fully quantify performance 

expectations, nor do we create metrics and feedback 

mechanisms to assess performance. Energy effi ciency 

is defi ned as meeting or barely exceeding code require-

ments, building operators do not understand the in-

tention of the designers, unresolved problems in the 

building linger for years, and so on; in short, a myriad 

of issues can be used to exemplify the problems with 

current practice. If we expect our buildings to per-

form at a higher level, we must consciously establish 

aggressive performance goals with an integrated team, 

design and construct the project with these goals in 

mind, and check back on the actual results.



322 C O N S T R U C T I O N ,  O P E R A T I O N S ,  A N D  F E E D B A C K

How Can We Do (and Think About) This 
Differently?

Essentially, construction is a mysterious process: We 
saw in Chapter 1 that every building is an entirely 
unique product that has never been built before and 
will never be built again. Each building is entirely 
unique every time—we really do not know how it is 
going to go together until we actually build it. Further-
more, we have a different team every time. Imagine 
if the team responsible for building the project was 
a football team. Each building project would be like 
playing a game every Sunday with a different set of 
teammates, using a different set of plays, on a different 
fi eld, in front of a different crowd, with none of your 
games being played on your home fi eld.

Consequently, we need to dispel the mystery. We 
can make this a less mysterious process by getting 
builders involved early. Again, they need to become 
part of the colearning design team—and then we need 
to extend this shared knowledge and colearning a level 
deeper, to the subcontractors and tradespeople.

Building information modeling (BIM) may be a 
tool that can help us make this a less mysterious pro-
cess—an opportunity to build the building electroni-
cally before it is built physically, as discussed at the 
beginning of Chapter 6.

Another signifi cant problem that needs to be ad-
dressed is the nearly ubiquitous policy of using low 
bids as a credible basis for selecting construction pro-
fessionals. It is not hard to understand the perversity 
inherent in this practice and the disincentives that 
arise from it. One of our clients made it a policy sev-
eral years ago to select bidders only from the middle 
of the bell curve—from the middle range of submitted 
prices. Even when all bidders are prequalifi ed and the-
oretically “responsible,” there are substantive reasons 
why bids are high or low; more often than not, this is 
due to something being missed or to varying degrees 

of “pencil sharpening.” In other words, even responsi-
ble bidders can make mistakes. Our clients tell us that 
when they award their bids to the lowest responsible 
contractor, invariably something gets missed—and 
what is missing often remains unseen, sometimes un-
til deep into construction.

Perhaps the most important aspect of this stage 
about which we must ask “how can we do this differ-
ently” is simply this: We have no quality control process 
to link intentions with outcomes in construction, as we 
have seen in our above discussions on commissioning. 
We need to engage such a quality control process be-
cause of the huge gap that exists between an abstract 
representation of a building—drawings of plans, sec-
tions, elevations, and specifi cations—and the reality 
of actual construction. This gap results from the wide 
range and array of possible interpretations between the 
building represented in the construction documents 
and the actual building. Drawings and specs are really 
just symbols; they are an attempt at representing real-
ity, but not reality themselves. This interpretive gap is 
exacerbated by the gap in communication—the abyss 
we have described—that currently exists between de-
sign and construction professionals.

Before litigation issues (in our opinion) trumped 
common sense, we used to have a clerk-of-the-works 
on-site who served as a link between the design team 
and the builder in terms of helping bridge the inter-
pretation and communication gap. Since that role no 
longer exists, these gaps are now somewhat bridged 
by the Commissioning Authority (CxA). As we have 
seen, the role of the CxA essentially is one of quality 
control, which is achieved by bridging both the inter-
pretation and communication gaps as a key member 
of the composite master builder team.

In our Age of Specialization and complex contem-
porary building systems, we have moved beyond the ca-
pabilities of a single master builder’s mind to hold the 
whole, so we are suggesting our idealized model of a 
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composite master builder (from Chapter 2) as a means 
for addressing the downward spiral of fragmented ex-
pertise (architecture, mechanical engineering, electrical 
engineering, etc.) no longer versed in the knowledge 
of other disciplines. Adding to this, each profession 
is competing for work in an arena that requires lower 
margins and less profi t across the board. Quite literally, 
the building design profession has become more like a 
commodity and less like the practice of providing pro-
fessional services. Design professionals no longer can 
compete in today’s marketplace and continue to pro-
vide the full range of services as in the past.

So where do these professionals currently cut to 
stay competitive? They know that their design services 
can suffer only so much reduction in scope before the 
product delivered becomes incomplete or laden with 
liabilities. So there are only a few ways to reduce costs 
and stay competitive. One is to recycle as much of the 
design as possible. This means reusing details and 
schedules, running the risk of producing fi nal con-
struction documents that include details and schedules 
that may not be entirely applicable to project specifi cs 
or that are incomplete, incorrect, or mismatched.

Another way design professionals have reduced 
scope is by cutting construction administration ser-
vices. This means few or no site observations. As the 
design industry has evolved over the past several de-
cades, the limited site observation and fi eld work by 
design professionals has contributed signifi cantly to 
widening of the abyss between design and construc-
tion professionals. Young design professionals coming 
into the industry today with no fi eld experience have 
little opportunity to obtain it. Designers of today tend 
to know the components in their designs as lines on 
paper or in computer-aided design (CAD) programs 
or as pictures in a product catalog—representations of 
a built reality, but not the thing itself. Further, we have 
found that many designers have no desire to gain ex-
perience on the job site—“It’s not my job.”

Design fi rms also have reduced cost by having 
only a small pool of professionally trained architects 
or engineers, supported by a large pool of CAD opera-
tors working under them. These CAD operators are 
educated in operating computer-aided design tools 
but have little or no real engineering or architectural 
education—and no fi eld experience. The engineer or 
architect is often spread too thin, overseeing too many 
projects, unable to properly check the work of these 
CAD operators. (Again, BIM might be a tool that 
could help address this in the future.)

So how can we think about and do this differently?
Throwing money at these problems will not fi x 

them. The design industry of today can be likened to an 
automobile manufacturer that is currently tooled up to 
produce large sport-utility vehicles (SUVs). The man-
ufacturer cannot convert the plant overnight into a fa-
cility that manufactures smaller, more energy-effi cient 
cars, as evidenced by the recent economic crisis in the 
American automobile industry. This requires fi rst the 
will to do so and a clearly defi ned purpose—followed 
by retooling, changing manufacturing equipment, 
changing out the entire stock of parts and components, 
and so on, to pursue that purpose. Like the car manu-
facturer, design fi rms need to retool their process and 
equipment—their people—by actively pursuing the 
mental model shift that we have discussed throughout 
this book. This too cannot be done overnight. It re-
quires openness to change and evolving our process.

For example, we often have encountered owners 
who say, “Aren’t I already paying my engineer to per-
form the activities associated with the commission-
ing process?” The answer is no. If an owner is paying 
standard market fees for engineering and architectural 
design services, this owner is getting the Commission-
ing-Plan-of-every-project-in-America: “We know 
it won’t work, so we’ll pay to fi x it later.” Even if the 
owner chooses to pay more to design professionals, 
hoping to receive enhanced services in this regard, it is 
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likely that the owner will not receive the best value for 
the dollars spent, given today’s fragmented practices. 
We cannot retool overnight—shifting mental models 
and reversing our Age of Specialization is a process of 
evolution, a shift to a mental model that understands 
all design and construction team members functioning 
as an organism to build a functioning organism.

As we have seen, a building project consists of a 
series of components and systems combined to create 
a larger system within yet larger nested systems, and 
connections between those components and systems 

offer the best opportunities for integration. The cre-
ation of feedback mechanisms is essential in a process 
aimed at integrating these systems for the purpose of 
creating optimally performing buildings or to produce 
any truly functional system. The fi rst step requires 
owners, designers, and contractors to align and com-
mit to producing an integrated building project that 
performs to expectations, but then make an additional 
commitment to enabling feedback that can further 
our knowledge about how we can integrate better and 
improve performance.

Observations from a Builder and Construction Manager
By Victor Canseco, Sandpebble Builders

A municipal client’s request for information, on what 
it would take to design and construct its new village 
hall as a green building, led me to a seminar given 
by two 7group partners. It would completely change 
the direction of what was at that point my 33-year 
career in construction.

Together with 150 or so other people in the industry,
I learned that the thousands of buildings we had 
been collectively responsible for producing had, by 
many accounts, major fl aws resulting in grave effects 
on both their inhabitants and the world around us.

To say the least, it was quite sobering to learn that 
in the process of creating indoor environments, 
which rank among the most unhealthy of all places 
that people spend their time, we had, among other 
things, consumed unconscionable quantities of our 
environmental capital while becoming the prime 
contributor to global climate change and the enor-
mous quantities of trash in our landfi lls.

The good news was that the solution did not require 
years of new research and technology or premium 
project costs but, rather, simply to change the mind-
set of those involved in planning and constructing 
new buildings.

The task at hand was and continues to be to convert 
the current methods of designing and constructing 
buildings into an integrative process involving the 
owner and design team members, as well as the 
facilities and construction personnel. (A mind-set 
change was required.)

This was in sharp contrast to the traditional ap-
proach in which architects complete the schematic 
phase on their own without much outside input ex-
cept for programming information.

Their initial architectural design is then “reacted to” 
by the rest of the stakeholders. The engineers de-
sign their systems around the schematic plan, and 
the input of the owner and facilities and construction 
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personnel is generally limited to minor adjustments 
to it. (Mind-set change!)

General contractors then would bid on the work 
and when the bids came in over budget, the “value 
engineering” process would be used to delete items 
from the scope of work according to some set of 
priorities that reduced the ability of the building to 
perform its function in a way that best met the needs 
of the stakeholders. (Ironically, “value engineering” 
on a construction project actually decreases the 
value of the fi nished product!) (Mind-set change!)

In the integrative process, the proactive participa-
tion by all the stakeholders from the outset results in 
a design that is driven by consensus. The building 
then performs its function much more effectively, its 
systems are more effi cient and the environmental 
costs can be vastly reduced. The economic benefi ts 
of the fi rst two are enormous; those of the last item 
are way beyond economic and are of course im-
measurable. (Mind-set change!)

In addition, when using this process, there are sig-
nifi cantly fewer design-driven change orders during 
the construction phase because all the issues are 
worked through during the design phase and not 
reacted to during the construction part of the proj-
ect. Change orders are the main cause of projects 
exceeding their budgets, and the majority of all 
change orders are caused by design changes.

Public awareness about the “green tsunami” occur-
ring around the world has no doubt helped increase 
the ranks of design professionals who have bought 
into this new approach. Even so, it will be a while 

before the integrative design approach is the norm 
as opposed to the exception.

In the process of redefi ning the way in which build-
ings are designed, construction trade personnel 
have been left behind. Although “project” managers 
are more and more apt to be at the table during the 
design phases, the need for “construction” manag-
ers is often not fulfi lled until the “construction phase” 
is closer at hand. (Mind-set change!)

In addition, early participation by a general contrac-
tor precludes the competitive bidding process once 
the plans are complete, and therefore it is not an op-
tion unless a “cost-plus” arrangement is opted for. 
Ironically, this is not generally regarded to be in the 
best interests of the owner. (Mind-set change!)

Changing the mind-set of the fi eld tradespeople 
that carry out the intent and requirements of high-
performance design during the construction phase 
has been and will continue to be a far more diffi cult 
task until the time when green building has be-
come more of the norm. There are several reasons 
for this:

� The construction documents for a project repre-
sent the distillation of ideas, calculations, input, 
failures, and energies of a group of people during 
many months if not years of planning.

� Although the purpose of these documents is to 
convey the intent of the design team to those 
charged with the task of transforming paper into 
bricks, at best they are usually only 80 to 90 per-
cent successful. The goals of a green project, as 
they differ from a traditional one, are diffi cult to 
articulate in these documents.

(continued)
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� Traditionally, specifi cations have consisted 
of very lengthy descriptions of materials and 
performance requirements for the project. They 
are usually very formal, and on larger private 
and all public projects they provide reading 
for few others than estimators and lawyers. 

They are of little use to a job superintendent 
trying to explain the principles and require-
ments of green building to the work crews. This 
has become a major stumbling block in getting 
green buildings built in the spirit in which they 
were designed.

Figure 8-4 The East End Hospice is one of several projects on Long Island in New York resulting from the efforts Victor Canseco, owner of Sand-
pebble Builders. Located adjacent to a sensitive estuary, the project focused on the restoration of this estuary. The design integrates both visually and 
physically with the renewal and regeneration of life as an appropriate theme. These three sketches from team workshops depict the development of 
the scheme, from the site-forces exercise on top left, to the conceptual plan produced at the team’s conceptual design workshop at bottom left, to the 
schematic site plan on the right. Two left images courtesy of John Boecker. Right image ©2008 Conservation Design Forum, Inc.
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Mental Model Shift

The overarching shift required is this: we no longer can 
function in fragmented silos and expect to perform as 
an organic whole—as a composite master builder. We 
need to move from a command-and-control model to 
a structure that understands design and construction 

as a continuum of relationship-building. Mechanisms 

for openly sharing and incorporating the opinions, 

experience, and creativity of all participants—both 

design and construction professionals—are required.

The design and construction industry needs to 

become more vertically integrated to bridge both the 

� Trade contractors spend but a few days or weeks 
in formulating a bid for their part of the work, and 
a successful general contractor must spend the 
same time accumulating bids to insure that noth-
ing is left out. Estimators performing takeoffs are 
not concerned with the intent of the documents 
but, rather, that nothing that might result in a non-
profi table bid is mistakenly left off their estimate.

� After but a few weeks of bidding, a successful 
contractor dispatches its fi eld people to the job 
to begin. From the very fi rst day on the job, they 
begin the work shown on the plans and perhaps 
one sheet of “must do’s” excerpted from the 
specifi cations by the estimator back in the offi ce 
where the spec book usually remains.

Green buildings struggle to get built by a large team 
of fi eld personnel who have not participated in the 
conception and design of the building. Their valu-
able input and ideas, the result of years and years 
of experience, are not part of the plan. With no such 
“buy in,” they have little interest and the value of 
their input is totally overlooked. (A typical $10 million 
project will involve the efforts of no fewer than two 
hundred construction people. Assuming an aver-
age of ten years experience per person, the result 
is 2,000 years of experience totally omitted from the 
design and planning process. (Mind-set change!)

It is not diffi cult to understand why it has been so 
diffi cult to get a green project done. Introducing 

construction personnel to a project twelve months or 
so after its conception, not to mention with nothing 
more than traditional plans and partial specifi cations 
to describe the work, cannot help but leave them 
completely in the dark.

What we have found to be of signifi cant value in 
mitigating this problem has been the evolution of a 
booklet containing a distillation and conversion of 
the specifi cations and other construction informa-
tion into “plain language” with an emphasis on the 
hows and whys of a sustainable project.

This begins to convey how the design was devel-
oped to meet the goals of the stakeholders and why 
certain systems appear different than in a traditional-
ly designed project. The next step will be to convert 
some of this information into a short video that can 
be viewed by all trade personnel before beginning 
work on the fi rst day on the job.

Without question, the overwhelming benefits 
and environmental demands of sustainability in 
current and future design, construction and 
renovation of the built environment will drive its 
ultimate acceptance as the norm. With the en-
vironmental and other clocks ticking, however, 
time is of the essence, and the sooner the con-
struction people are engaged in this interactive 
process the faster the transformation—the mind-
set change—will occur.
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interpretation and communication gaps that cur-
rently exist between design and construction profes-
sionals. Designing and building processes need to be 
structured so that neither designers nor builders are 
either subservient or in full control at any stage—
rather, they must be equal partners, fully integrated 
as one team. 

We understand that there are institutional and 
attitudinal barriers that separate designers and 
builders; however, there is tremendous opportunity 
for both designers and builders who can offer greater 
value to both their clients and the planet by working 
as an integrated whole for the purpose of achieving 
both cost-effective and highly environmentally effec-
tive projects.

Our (potentially naïve) advice is this: Ignore the 
lawyers. Architects and engineers no longer actively 
participate in the Construction Administration process 
primarily due to liability avoidance. Consequently, they 
have methodically abdicated responsibility and extract-
ed themselves from this process; even their contracts 
limit their involvement to a single verb: observe. Their 
attorneys’ advice is: “Do not discuss means and meth-
ods.” Not long ago, we used to accept responsibility for 
problems and resolve them together as a team. We need 
to shift our mental model toward doing so again . . . be-
cause creating a sustainable planet is not just one pro-
fession’s job, but everyone’s. If we can do this, we may 
fi nd that more risk means greater reward—and that the 
risk of not doing it may in fact be greater.

Part A – Discovery Part B – Design and Construction

Bidding and
ConstructionConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVo OVV

pancy,Part C – Occup
and Operations, 

eedbackPerformance Fe

2 Figure 8-5 Integrative Process 
Stage B.7, Bidding and Construc-
tion. Image courtesy of 7group 
and Bill Reed; graphics by Corey 
Johnston.
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Stage B.7
Bidding and Construction—Aligning with the Builder: Becoming a Team

B.7.1 Bidding and Construction Activities

� Explain unique aspects of project and the integration of all systems at the Pre-Bid and Pre-Construction 
conferences

� Review with builder’s team (all trades and subcontractors) their roles and responsibilities prior to com-
mencing construction regarding:
� Subcontractors’ roles in supporting the integration of their work into the whole
� Each subcontractor’s role in supporting the documentation necessary to demonstrate achievement of 

Performance Targets

� Review builder submittals through the unique fi lters of environmental performance

� Commissioning: Coordinate with builder’s team installation of all systems regarding achievement of Per-
formance Targets
� Perform site observations
� Incorporate Commissioning schedule into construction schedule
� Review submittals
� Develop construction checklists and functional tests
� Witness start-up
� Perform functional tests
� Verify training of building operations team
� Prepare fi nal Commissioning report
� Produce systems manuals

B.7.2 Principles and Measurement

� Manage the collection of documents that verify achievement of Performance Targets

� Commissioning: Document prefunctional and functional testing results and prepare Commissioning (Cx) 
reports and Recommissioning Plan

B.7.3 Cost Analysis

� Coordinate with builder to ensure that subcontracts are awarded based on performance requirements, 
not just price

B.7.4 Schedule and Next Steps

� Ensure systematic communication between design and building teams
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Stage B.7

Bidding and Construction—Aligning with the 
Builder: Becoming a Team

The Implementation Process Outline for these last two 
stages is not intended to provide a comprehensive or 
detailed outline of the myriad activities and variables as-
sociated with construction and occupancy. Rather, our 
intended purpose here is to provide a general overview 
of the aspects associated with integrative design that 
affect team members as they engage construction and 
occupancy activities.

B.7.1  Bidding and Construction Activities

� Explain unique aspects of project and the inte-
gration of all systems at the Pre-Bid and Pre-
Construction conferences

We actually need to entirely rethink Pre-Bid confer-
ences (common to design-bid-build construction 
delivery) and their purpose, because under our 
current process the wrong people attend, since 
currently attendees primarily consist of estimators 
that have no involvement with the building what-
soever; further, the competition is in the room, so 
people are reluctant to ask questions or raise is-
sues. We have found that this problem can largely 
be obviated with a negotiated contract and certain 
design-build scenarios.

The right people need to be at the Pre-Construction 
conference as well. The trade supervisors who will 
actually be on the job need to attend. In addition to 
the typical logistical issues and contractual obliga-
tions, a detailed review of the OPR and BOD should 
be a primary focus of this meeting, so that everyone 
on the team understands the “why” of their work—
generally, they already understand the “how” and 
“what” of their systems.

Address non-building-related sustainability issues 
at both of these meetings. The reason for this is that 

most builders are concentrating on the building form, 
its components, and general site issues; but the 
project’s interrelationships and its relationship with 
living systems also need to be understood. Some of 
the issues that could be raised as signifi cant might 
include a project’s more detailed landscape-habitat 
design, site stormwater systems, natural waste sys-
tems, operational and embodied-emissions targets, 
indoor air quality concerns, recycling programs, 
education programs, and so on.

� Review with builder’s team (all trades and sub-
contractors) their roles and responsibilities prior 
to commencing construction regarding:

� Subcontractors’ roles in supporting the inte-
gration of their work into the whole

  Builders and tradespeople need to under-
stand that their components are part of a larger 
whole, and this likely requires them to be made 
aware of the components in the project that will 
require products and installation processes that 
fall outside of conventionalized norms. Accord-
ingly, we have found it useful to convene meet-
ings with tradespeople—those who actually will 
be on-site doing the work—at several points in 
the construction process. These multiple meet-
ings need to be scheduled contemporaneously 
with the specifi c work being performed at various 
stages of construction; examples include:

• An early meeting with all tradespeople associat-
ed with shell construction to discuss issues like 
water penetration, air infi ltration, and the impor-
tance of maintaining the integrity of the building 
envelope, since the HVAC and other systems 
are highly dependent on building envelope 
performance, and these other related systems 
were designed and sized accordingly.

• An early midstage meeting between the gen-
eral contractor (GC), mechanical contractor, 
and electrical contractor, along with special-
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ized fl ooring tradespeople—when, for exam-
ple, an underfl oor air-supply system is being 
installed—to ensure that each installer under-
stands the need to keep the underfl oor plenum 
not only clean but sealed to maintain pressure 
(sealing holes for electrical and/or duct pen-
etrations through this plenum, etc.). These 
individuals likely will be different from those 
involved in shell construction.

• A midstage meeting between the general, 
mechanical, and electrical contractors, along 
with specialized controls tradespeople, in or-
der for everyone to understand the intention 
and components of the building’s control sys-
tems so that when controls codes are written 
they match the intent of the OPR and the se-
quence of operations in the BOD. Otherwise 
a “canned” program likely will get installed. 
Also, the controls systems’ impacts on other 
trades need to be understood, including is-
sues such as: the mechanical installer proper-
ly placing dampers, the GC properly locating 
access panels to provide accessibility to ac-
tuators and dampers, coordinating the electri-
cal installer’s electrical connections (such as 
low versus line voltage, transformer locations, 
etc.), and so forth.

• Even if the design team has been diligent in 
developing a relationship with the builder and 
the trade supervisors, there is still the matter 
of integrating the people actually constructing 
and installing their respective systems. This 
gap is where many slips “between cup and 
lip” occur. A few decades ago, an institutional 
client insisted that we meet with each trade 
before they were allowed to begin their work 
on the site. We reviewed the related specifi ca-
tion section(s) with the entire fi eld crew of each 
trade. The comments received were the clas-

sic ones: “My grandfather didn’t do it that way, 
my father didn’t do it that way, and I’m sure 
not going to do it that way.” Or: “Is that really 
what we’re supposed to do? We didn’t price 
it that way.” The end result was reconsidera-
tion by the subs about what and how they were 
building, and the nature of the work they were 
being paid to deliver. After some grumbling 
and some beer and pretzels—it was a Friday 
afternoon—a common ground and partner-
ship emerged between the design team and 
the guys and gals in the fi eld.

� Each subcontractor’s role in supporting the 
documentation necessary to demonstrate 
achievement of Performance Targets

  Again, the “why” of Performance Targets is 
as important—if not more important—than the 
actual documentation of what will be needed to 
verify performance, so that each of the trades 
can understand the purpose behind this docu-
mentation and why it is needed. This includes 
their role in documenting the requirements of the 
Cx process (such as providing completed con-
struction checklists)—and for LEED projects, the 
submittals related to their work associated with 
credits being pursued (such as volatile organic 
compound [VOC] content of adhesives, solar re-
fl ectance index [SRI] of roofi ng and paving ma-
terials, recycled content of materials, photos of 
construction IAQ measures implemented in the 
fi eld, etc.).

� Review builder submittals through the unique 
fi lters of environmental performance

For example, we normally select materials and prod-
ucts on the basis of cost, quality, availability, and 
aesthetics. Now we are adding a few more selec-
tion criteria related to environmental impacts and 
human health, such as recycled content, embodied 
energy, toxicants, VOC content, and so on. Accord-
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ingly, since specifi cations now include language 
that addresses these additional criteria and char-
acteristics, the submittal review process must verify 
compliance with these unconventional specifi cation 
requirements.

� Commissioning: Coordinate with builder’s team 
installation of all systems regarding achieve-
ment of Performance Targets

After all the time and effort expended establishing 
and verifying Performance Targets during design, 
if Commissioning is not implemented in the fi eld, 
these targets likely will not be met: Commissioning 
is where the rubber meets the road.

Today’s traditional buildings have built-in redundan-
cies and “safety factors” to overcome the inadequa-
cies of typical construction methods—for example, 
to account for the impacts on the HVAC system that 
result from how a commercial building’s envelope 
is constructed; additional heating and cooling are 
provided, often unknowingly, to compensate for a 
leaky building shell. While most commercial build-
ings are not constructed well, and the systems in-
stalled within them often do not operate correctly or 
at all, these buildings limp along, and most people 
are none the wiser.

When it comes to integrated higher-performing 
buildings, Commissioning becomes of the utmost 
importance, since interrelated systems must be in-
stalled properly (and function correctly) to achieve 
the project’s established Performance Targets. Us-
ing the prior example, the building shell must per-
form as designed (with no air infi ltration in many 
climates) for the HVAC system to function properly, 
because most of the previously needed HVAC safety 
factors and redundancies likely were removed from 
the calculations that determined the system’s ca-
pacity. We have seen a number of green buildings 
achieve nowhere near their intended potential—and 
in some cases fail (as previously described in sever-

al examples)—because high-performance designs 
were constructed with standard and substandard 
building practices and techniques. Commissioning 
is a means for verifying the quality of installation re-
quired to achieve the performance targets.

Additionally, high-performance buildings often uti-
lize new technologies and techniques unfamiliar to 
builders. This requires contractors to be purchasing, 
installing, and coordinating systems that are new 
and different from standard same-old-same-old 
construction practices. And later, the owner’s O&M 
staff must continue to maintain systems and equip-
ment with which they are often equally unfamiliar.

This is where Commissioning becomes indispens-
able. Along with the standard gaps between de-
sign and construction, these new design ideas 
create potentially more and wider gaps between 
construction and operations—holes that need to 
be fi lled, sometimes quite literally. The commis-
sioning process provides the vehicle for ensuring 
that these holes receive the attention they deserve. 
Commissioning does not bring a whole bunch of 
new experts to the table of a project; rather, the 
commissioning process is intended to help the ex-
perts, already gathered around the table, be more 
effective at managing the process of designing, 
constructing, and operating a high-performance 
building—and understanding its integrative nature, 
again for the purpose of achieving the project’s 
performance targets.

Once again, Commissioning attempts to infuse a 
currently nonexistent quality control methodology 
into the process of designing and constructing 
buildings. When visiting a manufacturing facility, it 
is usually easy to identify the quality control prac-
tices being enforced; they are established to help 
reduce errors and improve the quality of whatever 
product is being manufactured. One can usually 
fi nd the quality control offi ce and recognize the 
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relatively static QC procedures in place to ensure 
that each identical product meets the same quality 
standards (the product’s performance targets). For 
a building design and construction process, as we 
have seen, every project is unique, having a dif-
ferent set of intentions, designers, contractors, site 
issues, spaces, equipment, materials, construc-
tion parameters, and so on—the circumstances 
surrounding the making of this product are always 
changing, as are the performance targets. So, the 
QC process and procedures must be adapted to 
each project. Commissioning has become the cur-
rent best method for bringing such dynamic QC 
practices to this industry.

Such Commissioning practices are derived from 
a general set of procedures that must be tailored 
to the specifi c issues of each project and at the 
same time engage a litany of variants related to 
the construction process. Consequently, we have 
attempted in the outline below to identify only the 
most important areas where commissioning com-
monly engages this construction process for most 
projects. However, since every project is different, 
every project’s needs related to the commissioning 
process will vary; hence, how to apply the outline 
below will differ for each project.

� Perform site observations
 Performing site observations during the con-

struction phase affords the CxA a great opportu-
nity to share a better understanding of the “why” 
of the project’s components with tradespeople 
and those in the fi eld who have pretty good com-
mand of the “how” and “what.” These visits also 
serve to help bridge the gap inherent in the afore-
mentioned adversarial relationship between con-
tractors and designers. A starting place might in-
clude sharing and discussing the OPR and BOD 
with the contractors, especially since those doc-
uments ideally have been employed—in an inte-

grative process—for developing the construction 
documents and commissioning plan.

  The initial Commissioning meeting is the 
place to start this essential communication pro-
cess. Candor can be a valuable tool for intro-
ducing and clarifying the CxA’s role—letting the 
contractors know that the CxA is not the police. 
Setting aside preconceived notions and replac-
ing them with an open forum for people to share 
understanding is the only way to overcome tra-
ditional tendencies and adversities. Remember, 
the contractor is responsible for installing what 
the owner purchased in the construction con-
tract, which is based on what the designers de-
signed, documented, and approved for installa-
tion. It is the CxA’s responsibility to ensure that 
the owner’s project requirements are not lost in 
the transition between paper design and physi-
cal installation.

  As mentioned previously, one unique perspec-
tive the CxA brings is seeing installation through 
the lens of operations and maintenance. As such, 
the CxA will be looking closely at accessibility, 
potential problems generated by substitutions, 
and misunderstandings of design intent. These 
site observations are not inspections; they do not 
come from a perspective of codes or construc-
tion administration. They are intended to focus 
attention on the functional performance of the 
design and, ultimately, the operation of the facil-
ity. Thus, it does not serve the project well to be 
policing a project; rather, the CxA is collaborating 
with the installers as systems come together.

� Incorporate Commissioning schedule into 
construction schedule

 The process of incorporating key commissioning 
points into the construction schedule is one that 
requires evolution. Beginning with a list of generic 
commissioning milestones (a pdf fi le of sample 
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Cx milestones can be downloaded from the 
Resources tab on 7group’s website at www
.sevengroup.com), the contractor can begin to 
merge commissioning activities into the evolv-
ing construction schedule to ensure that the two 
processes inform and support one another. An 
obvious connecting point would be the submittal 
review of commissioned systems that takes place 
in parallel with the designers’ review of submit-
tals (see below); this should be scheduled with a 
beginning date and an agreed-upon set duration. 
Less obvious, but ultimately more important to 
success, are planned and well-timed executions 
of specifi c tasks. Witnessing wall mock-ups might 
take place at any point in the duration of that event, 
while witnessing the installation of the fi rst window 

can only take place on the day it is installed. As 
the Commissioning Authority is not a daily visitor 
to the site, there is a need for timely and intentional 
communication, usually initiated by the contrac-
tors. Without these efforts to maintain the merger, 
these two schedules will grow apart, driven by the 
forces of traditional construction administration 
and tendencies to avoid job-site “inspections.”

� Review Submittals
 The Commissioning Submittal review should run 

parallel with the design team’s review of contrac-
tors’ submittals, but the commissioning review 
should come from a much different perspective. 
While the designers’ reviews focus on meeting 
the capacity and performance criteria of the 
specifi cation, the commissioning review is more 

3 Figure 8-6 Commissioning of this pressure-temperature (PT) port, 
installed in a custom air handler built by a manufacturer and delivered 
to the project site, revealed that the PT port was inaccessible due to the 
pipe above being too close, obstructing access to the temperature probe. 
Image courtesy of Brian Toevs.

5 Figure 8-7 We cut the insulation and found that the PT port from 
Figure 8-6 was installed with unions. The contractor was able to loosen 
the unions and roll the fi tting over to provide temperature probe access for 
future testing. Image courtesy of Brian Toevs.
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focused on the features that make the equipment 
meet the unique applications of the project. Not 
a substitution for the designer’s effort, but an 
enhancement, Cx reviews from this perspective 
pertain to end-use viability and can improve the 
traditional review process in a number of ways. 
In the case of substituted items, the subtle dif-
ferences in the application of options for single 
components will often play out differently when 
viewed in the context of systems applications.

  For example, one manufacturer’s chiller may 
operate with entering condenser water tempera-
ture at 55°F, while a seemingly equal chiller of 
the same capacity from another manufacturer 
requires 65°F. These two pieces of equipment 
cannot easily be accepted as equal within the 
focused, integrative design process that we ad-
vocate here for achieving performance targets. 
Even equipment of exactly equal capacity and 
performance features can have subtle differ-
ences of utility connection points, footprint, and 
dedicated access that may not honor the opera-
tion and maintenance needs of the project. Since 
the CxA is more directly engaged with the fi eld 
circumstances of all the building’s systems, the 
resulting familiarity with physical project particu-
lars provides a valuable perspective.

� Develop construction checklists and func-
tional tests

 The submittal review process has provided the 
opportunity for the CxA to become even more 
familiar with the project’s design objectives and 
equipment particulars, and it delivers valuable 
information for creating practical construction 
checklists and functional tests. While the check-
lists and tests are based on generic variations, 
even these variations are dynamic, evolving con-
stantly from both individual experience and as-
sociation with others in the commissioning fi eld. 
In keeping with all that has been said, these tests 
must recognize the unique features of each proj-

ect. This can be achieved through close attention 
to the project-specifi c particulars of approved 
documentation and submittals. This is the time 
in the process, then, to publish the draft version 
of project-specifi c checklists and functional tests 
documents. This draft should be reviewed by the 
contractors to assist their understanding of sys-
tems and testing procedures and to allow them 
to raise any issues from their perspective.

  Construction Checklists (also known as Pre-
functional Checklists or System Verifi cation 
Checklists) are checklists that focus on the com-
ponent level of systems. These checklists are in-
tended to track components from submittal, to 
installation, and through start-up—all of which 
are construction-related activities, thus the name 
Construction Checklists. These typically are de-
veloped by the CxA and completed by the appro-
priate contractor. (A sample construction check-
list can be downloaded from the Resources tab 
on 7group’s website at www.sevengroup.com.)

  As important as it is to assure that equipment 
is fi nally accepted, based on conformance with 
the OPR and BOD, it is even more important to 
be sure that the equipment is installed correctly 
and can properly and completely satisfy the con-
ditions for which it was intended. Starting at the 
component level, we need to verify that the in-
dividual parts are not only received undamaged 
but installed appropriately and started-up prop-
erly. Using the design documents, submittals, 
and product-specifi c installation manuals for the 
selected equipment or component, checklists 
are created that will help guide the installer to-
ward making the equipment system ready and 
improving the effi ciency of installation and start-
up. While it has to be assumed that the contractor 
has every intention and ability to do a good job, 
the object here is to ensure a better job. The re-
peatability promoted by the checklist is a proven 
method for achieving enhanced performance.
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Figure 8-8 Sample Track-
ing Form for Construction 
Checklists. Image courtesy 
of Brian Toevs.



Figure 8-9 Sample 
Tracking Form for 
Functional Tests. Image 
courtesy of Brian Toevs.
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  The contractors are given the blank check-
lists and are expected to complete them as the 
course of construction progresses. These check-
lists are intended to help contractors establish a 
disciplined approach to the repetitive tasks of su-
pervising their own crews during the installation 
process—a task that sometimes suffers from a 
loss of focus. For example, while the installation 
of each of one hundred identical fan coil units 
will require the same basic repetitive steps, each 
installation will also require adaptation to the 
unique physical circumstances of one hundred 
different locations. In reality each unit’s installa-
tion never happened before and will never again, 
exactly. Nevertheless, checking these individual 
units can become totally repetitious. It is precisely 
in this repetition that contractors can benefi t from 
the value of performing the checkout in exactly 
the same way every time, therefore assuring that 
each and every component gets the same atten-
tion as all the others.

  Functional tests are testing protocols used to 
verify that systems and their components operate 
in unison and as designed. (A sample functional 
test can be downloaded from the Resources tab 
on 7group’s website at www.sevengroup.com.) 
Functional tests should be developed as early as 
possible in the project. If comprehensive sequenc-
es of operations are developed during the design 
stage, then the functional tests can be started 
when equipment is installed and ready. However, 
fi nalization of the functional tests cannot occur un-
til after all submittals are approved and operations 
and maintenance documentation is available for 
the specifi c equipment of the project.

  The construction checklists and functional 
tests developed for any project will become fairly 
sizable in volume, and this documentation needs 
to be tracked. If good tracking tools are not uti-
lized, much of this documentation will likely be 
lost, or simply not referenced, during the course 

of construction. There has been many a project 
where this set of documents has been created, 
only to fi nd itself left dormant in the contractor’s 
trailer until the end of the project, at which point it 
gets collected and organized as an empty, liter-
ally useless set of forms.

  We have developed a Tracking Form for Con-
struction Checklists (see Figure 8-8) and a Track-
ing Form for Functional Tests (see Figure 8-9) to 
help guard against this. We have found additional 
value in the construction checklist tracking form; 
while seemingly obvious, it was only after the de-
velopment of this form that we realized its value 
in identifying many of the specifi c submittals we 
need to review related to commissioning.

� Witness start-up
 Often, equipment start-up is far more important 

to functional operation than the credit it is given 
in the traditional construction process. Start-up is 
usually left as an exercise between a visiting fac-
tory technician and a less interested mechanic, 
usually without the attendance of any of the own-
er’s maintenance personnel. In most cases the 
owner’s personnel, who will assume responsibili-
ty for operating the equipment and systems, only 
come to know the equipment’s operative fea-
tures through its failure, after everyone is gone. 
Start-up offers invaluable training opportunities 
for facilities staff, providing a level of familiarity 
that cannot be duplicated.

  Start-up should also ensure that equipment is 
being positioned optimally within its system, and 
therefore should include start-up settings and 
adjustments that prepare the equipment for its 
linkage—and responses to its linkage—with other 
system components. Failure to recognize these 
linkages, or an incorrect sequence of linkages, 
often results in failed or incomplete start-up and 
failed functional tests. Just as the integrative pro-
cess results in a unique facility (never built before 
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and never built again), each component piece has 
a unique place in the system. It is that basic. And 
yet the mundane, repetitive, detailed nature of 
the task becomes the enemy of this basic under-
standing (many in the fi eld fi nd start-up just plain 
boring) and needs to be overcome by recogniz-
ing the importance of these start-up procedures 
relative to achieving the building’s performance 
targets.

  While the master builder of antiquity had the 
benefi t of tools—albeit arduous and challenging 
by current standards—with which he was inti-
mately familiar (and to which he was physically 
linked) due to use over long periods of time, to-
day’s contractor is challenged by the ostensible 
benefi t of ever-changing technology. It can be 
quite diffi cult for the contractor to develop any 
sense of personal involvement through the use 
of these technologies. Checklists and witnessed 
start-ups are important tools that promote the 
ownership, involvement, and, we daresay, pride 
of effort that we consistently see improves out-
comes and performance. Much can be gained in 
this regard by reminding contractors of the pur-
pose behind these efforts—again, achieving the 
building’s performance targets.

� Perform functional tests
 Once substantial completion has occurred and 

the acceptance phase of construction begins, it 
is time for functional testing. The functional test-
ing is where the commissioning authority takes 
control of the process and oversees the execu-
tion of the tests. Experience has taught us that 
functional testing can only serve its purpose after 
systems are installed and started, control points 
are checked and verifi ed, balancing reports are 
approved, and engineer’s punch lists are com-
pleted. Testing requires close documentation by 
the commissioning team. This documentation 
not only affi rms that the correct installation of 

systems meets the engineer’s original sequence 
of operations, but it also provides a record for the 
future that will allow the facilities staff to return the 
system to its original, optimal operating condition 
in the future—a guide for future operations.

  Functional testing provides an opportunity 
to discover and correct any mistakes resulting 
from improper or incomplete installation that in 
the conventional process are left for facilities and 
maintenance staff to discover much later over the 
course of operations. Accordingly, one clear value 
of functional testing is that it allows maintenance 
staff to focus on the random problems associ-
ated with normal equipment operation. Another 
signifi cant value is gained when maintenance 
staff witnesses and participates in the process 
of functional testing—the value of this opportu-
nity cannot be overstated. These tests are events 
that typically occur only once to this level of detail. 
There is a great deal of time spent unpacking a 
sequence of operations for the fi rst time, waiting 
to see what happens, and deciding if the actual 
results are consistent with the expected results. 
So, if these opportunities for training are missed, 
it is unlikely that they can or will be duplicated.

� Verify training of building operations team
 Now that the building is operational, one of the fi -

nal construction tasks is to provide training for the 
operations and maintenance staff charged with 
taking care of the building. As with the construction 
checklists, since the contractors are responsible 
for the installation of all components and equip-
ment, contractors also should be responsible for 
providing all necessary training. These install-
ing contractors are more familiar than anyone at 
this point with the nuances and idiosyncrasies of 
each unique installation. The training required will 
have been considered and identifi ed long before 
the end of construction, in the form of a training 
matrix (see Figure 8-10). Evolving OPR and BOD 
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considerations, as well as possible changes in 
personnel, might well require a current update at 
this point. This training matrix is derived from the 
OPR and the specifi cations, along with the start-
up and troubleshooting guides provided with the 
installed equipment. This matrix can be useful in 
matching systems with the appropriate key peo-
ple who will participate in the live training. It also 
can be used to schedule and sequence training 
events in progressive ways. It makes sense that if 
multiple components of systems will require train-
ing, these training sessions should be organized 
in an escalating fashion. In other words, plan 
training to be sequential, starting with individual 
components, and then progressing to overall 
systems. Of all the training vehicles available, the 
functional testing referenced above may be one 
of the best methods for familiarizing facilities staff 
with the basic operating nature of the systems, al-
though formalized training is still necessary. With 
so many technologies available, recording and 
documenting training can take many forms; but 
at minimum, these events should be organized 
with a training agenda, a record of attendance, 
and a video recording of the training as it takes 
place, which can be used for future reference.

� Prepare fi nal Commissioning report
 As each phase of the project is completed, 

commissioning activities for that phase should 
be concurrently completed and cumulatively 
summarized in a report. All phase-related docu-
mentation should be collected and placed in ap-
pendices that support the work of that particular 
phase. For example, there should be a design 
phase report, a construction phase report, an 
acceptance phase report, and so on. The fi nal 
Commissioning report should simply be an or-
ganized collection of all previous documentation 
and phase reports.

  Establishing early on the protocol for the Com-
missioning process with construction managers 

and contractors during this stage will save confu-
sion, time, and lost momentum. Commissioning 
is a parallel process that will, from time to time, 
impose serious questions that are important 
to the implementation of the OPR through the 
BOD during construction. Again, the more clear 
the OPR and the BOD (including their ongoing, 
documented maintenance during design), the 
smoother will be the entire commissioning pro-
cess during this stage and the easier will be the 
task of tracking established milestones—and 
successfully achieving performance targets.

� Produce systems manuals
 The systems manuals, or recommissioning man-

uals, do not typically contain any new or different 

Figure 8-10 Sample Early Phase Training Matrix. Image courtesy of 
Brian Toevs.
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information than that produced by the contrac-
tors, designers, or CxA. The systems manuals 
can take many forms, but they are consistently a 
collection of existing documentation reorganized 
into sections that mimic the systems found in a 

project. We have come to view systems manuals 
as more than just troubleshooting guides, but as 
documents to be utilized when the systems in a 
building are operating normally. During normal 
operation, systems need standard scheduled 

Lessons from the Systems Manuals For Automobiles

During any building’s normal operation, its systems 
will require standard scheduled maintenance to 
perform well and to avoid the need for premature 
replacement. This set of operations issues mimics 
that of car ownership, whereby standard scheduled 
maintenance, instituted by the Japanese automak-
ers in the late 1970s, has resulted in more than 
tripling the average useful life of a new automobile in 
the intervening thirty years.

Additionally, a building’s systems manuals defi ne the 
parameters for maintaining performance levels. You 
may recall from Chapter 2 the story about systems 
interrelationships that describes how the selection of 
the paint color (with high light refl ectance values) for 
interior walls on our fi rst green school project helped 
reduce the size of the building’s HVAC system. This 
story was revisited in Chapter 5 (Stage A.3) to em-
phasize that such interrelationships need to be ana-
lyzed as early as possible so that more effective inte-
grated solutions and decisions can be made during 
the schematic design (SD) phase. These early deci-
sions can signifi cantly affect operations decisions 
throughout the building’s life. So what happens 10 or 
20 years after occupancy when someone wants to 
paint the walls a darker color? Doing so could now 
potentially render the cooling capacity of the HVAC 
system inadequate, right?

The answer lies in the systems manual.

When you buy a $20,000 automobile, what do you 
get as the owner of that fairly complex product to 

operate it? A pretty good owner’s manual, right? It 
tells you everything you need to know about how 
to operate that vehicle and maintain it to ensure 
performance. But when you buy a $20-million 
building (three orders of magnitude more expen-
sive), what do you as the owner get to operate that 
very complex product? Often when we ask this 
question in workshops, the response we hear is 
“nothing”—or “a key.” As the owner, though, you 
often receive what’s called an owner’s manual, but 
what is this really? Generally, it consists of a stack 
of three-ring binders stuffed with cut sheets of 
equipment and components—if you are lucky, the 
correct model numbers for the installed equipment 
are circled. But this “manual” tells you nothing 
about how to operate or maintain your building. 
That would be like getting an owner’s manual for 
your car consisting of cut sheets for things like the 
compressor (for the air conditioning system) under 
the hood, with no information at all about how to 
set temperatures or what button to press to cool 
the cabin.

In the case of the paint color for repainting interior 
walls, the systems manual will stipulate the light 
refl ectance values required in certain spaces to 
maintain adequate lighting system performance 
and in turn to ensure adequate cooling system 
performance—not unlike the owner’s manual for a 
car mandating that 10w-40 synthetic motor oil is re-
quired to maintain engine performance.
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maintenance (such as fi lter changes, lubrication, 
occasional checks, and so on) to ensure that op-
eration is remaining consistent with the original 
intent over long-term operations.

B.7.2  Principles and Measurement

� Manage the collection of documents that verify 
achievement of Performance Targets

The Cx report serves this purpose quite well for most 
systems. Projects pursuing LEED will need to collect 
documentation from the builder and subcontractors 
required to verify achievement of the LEED credits 
being pursued. Since this generally falls outside the 
standard of care for the scope of services in design 
and construction contracts, it is likely that additional 
fees will need to be allocated, or the owner will need 
to devote staff time for managing this process.

Examples of LEED documentation required from 
contractors include materials cost, construction 
waste management reports, photographs depict-
ing construction indoor air quality measures, re-
cycled content information from manufacturers, 
and so on. Since this documentation may be un-
familiar to many construction professionals, it often 
gets overlooked or deferred to the end, at which 
point reconstructing this documentation can be-
come quite onerous—“OK, we will get to that later.” 
Consequently, we have found that it can be vitally 
important to require that submittals documenting 
environmental performance and LEED credits not 
be divorced from the standard submittal process; 
rather, specifi cations should require this documen-
tation on an ongoing basis, accompanying normal 
product submittals. We also have found it effective 
to require that regular periodic progress reports be 
submitted with monthly certifi cates and applications 
for payment, tying payment approvals to periodic 
submission of documentation such as construction 
waste management logs and status reports on the 

implementation of construction IAQ management 
plans, and so forth.

� Commissioning: Document prefunctional and 
functional testing results and prepare Commis-
sioning reports and Recommissioning Plan

As stated above, commissioning is not design, and 
it is not construction. There is no need to duplicate 
design or construction documentation in the com-
missioning report. As such, the fi nal commissioning 
report should be limited to reporting the specifi c ac-
tivities related to the commissioning process (see 
Figure 8-11). Similar to training, the reports gener-
ated during a project related to commissioning ide-
ally should be progressive in nature. Also included 
in the fi nal report should be an executive summary 
of the successes and failures of the commissioning 
activities throughout the entire project. The executive 
summary should be short, only three to fi ve pages in 
length, and specifi c, highlighting only those impor-
tant points that drove the project’s commissioning 
successes and/or failures.

The recommissioning, or systems, manuals should 
include abbreviated versions of the design docu-
ments, commissioning documentation, and op-
erations and maintenance information. If signifi cant 
problems arise with systems (or components within 
systems), the systems manuals provide only the 
initial step in diagnosing the problem. As problems 
arise, it makes sense to progress from the systems 
manuals, to the full set of design (or as-built) draw-
ings and specs, along with O&M documentation, 
to outside assistance—as necessary—to diagnose 
and solve the problem.

B.7.3  Cost Analysis

� Coordinate with builder to ensure that subcon-
tracts are awarded based on performance re-
quirements, not just price
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As a component of the construction partnering pro-
cess described throughout this chapter, we have 
found it important that the activities described 
(above) in Stage B.7.1 be implemented in two stag-
es: The fi rst step includes a review of performance 
criteria and unique aspects of the project with the 
builder, prior to subcontractor selection. As a result, 
award of subcontracts is not based merely on low-

est price; rather, it is also based on subcontractors’ 
thorough understanding of the project’s Perfor-
mance Targets. The second step is implementing 
all of the post-award activities described above.

On an early LEED project, a carpentry subcontractor 
in the process of submitting a bid for a major Uni-
versity project asked us to clarify the impacts LEED 
had on materials selection and documentation re-
quirements in order to better understand how to 
construct their bid. We have experienced this kind of 
inquiry from numerous subcontractors, so we now 
recommend that construction teams take the time to 
understand these implications as part of positioning 
or differentiating themselves in a competitive mar-
ketplace that is demanding green buildings more 
and more.

B.7.4  Schedule and Next Steps

� Ensure systematic communication between de-
sign and building teams

We have found it quite effective to require in the 
specifi cations that various topics related to Perfor-
mance Targets be included as regular agenda items 
at all job conferences for the purpose of updating 
status, coordinating trades, and sequencing appro-
priately. This often requires interim meetings and/
or communication between various team members; 
not at all unlike the traditional construction process, 
but environmental performance issues and system 
interrelationships are now thrown into the mix with 
equal priority. Throughout this process, the incor-
poration of feedback mechanisms should remain 
part of all discussions to ensure that building and 
occupants have the capability to measure and as-
sess operational performance. Stage C.1 outlines 
such considerations and aspects of performance 
measurement and feedback.

Figure 8-11 Sample Commissioning Report Table of Contents. Image 
courtesy of Brian Toevs.
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PART C—OCCUPANCY, OPERATIONS, AND PERFORMANCE FEEDBACK

Stage C.1
Occupancy: Feedback from All Systems

C.1.1 Operations Activities

� Establish operations team consisting of key stakeholders responsible for continuously monitoring, main-
taining, and improving environmental performance

� Establish and implement standard operating procedures (SOPs) that provide continuous feedback re-
garding performance of the four key subsystems:
� Habitat
� Water
� Energy
� Materials

� Commissioning: Conduct periodic Recommissioning in accordance with Recommissioning Manual

C.1.2 Principles and Measurement

� Document key indicators that serve as proxies for the health of the larger ecosystem

� Document occupant surveys and reconcile results with building systems performance

� Implement Measurement and Verifi cation (M&V) plan continuously over the life of the building

� Insert results of periodic Recommissioning into Recommissioning Manual

C.1.3 Cost Analysis

� Track economic performance of the four key subsystems

C.1.4 Schedule and Next Steps

� Implement all of the above forever

Part A – Discovery Part B – Design and Construction

ndBidding aan
onConstructtioConstruction DocumentsDesign DevelopmentSchematic DesignConceptual DesignEvaluationPrep.

CoVo OVV

CoVo OVV

CoVo OVV

Part C – Occupancy, 
Operations, and 

Performance Feedback

panc
and 

eedbae

Part C – Occu
Operations,

Performan
Feedbac

Part C – Occu
Operations, 

Performan
Feedb

– OOOOOOOOOccccccccccccccccu

Figure 8-12 Integrative Process 
Stage C.1, Occupancy. Image 
courtesy of 7group and Bill Reed; 
graphics by Corey Johnston.
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Stage C.1

Occupancy: Feedback from All Systems

The Call for Performance Feedback

We are now moving into Part C—Occupancy, Opera-
tions, and Performance Feedback. At this point, con-
struction has been completed and the operations 
phase begins. Our intent here is not to describe, in any 
comprehensive way, how to operate a building, since 
the procedures and impacts associated with build-
ing operations are far beyond the scope of this book. 
Rather, our purpose here is to explore what needs to 
be measured and how. Accordingly, we focus our dis-
cussion in this last stage on how to go about engaging 
performance measurement and creating performance 
feedback mechanisms. Such measurement and feed-
back is critical for informing the operations of the facility, 
so that we can assess the degree to which established 
Performance Targets have been met.

Such feedback also helps designers, builders, and 
owners better understand the implications that their 
process and decisions might have on future project out-
comes, so long as this feedback can be identifi ed and 
documented. In other words, performance feedback 
can help us understand the results of our integrative 
process, so that we can continually evolve our process 
toward better and more effective integration.

We have found that convening a project team 
meeting post-occupancy can be extremely useful in 
this regard. The purpose of this meeting is to gener-
ate a discussion with all team members about lessons 
learned. An effective framework for this discussion in-
cludes exploring: What worked? What did not work? 
How could we do and think about this differently? This 
will enable the further development and ongoing evolu-
tion of the mental model shift required to become more 
integrated, based on outcomes in the form of measured 
performance data.

Generally speaking, the level of measuring energy 
performance in our buildings currently consists of sim-

ply paying utility bills and monitoring annual increases 
in cost—are this year’s bills higher than last year’s? The 
next step, less often undertaken, is analyzing utility bill-
ing data to determine what underlies those costs: did my 
usage by fuel source go up, and/or did my rate struc-
ture change? Were weather conditions (HDD and CDD) 
different? However, we should be comparing that utility 
data to our targeted energy performance benchmark 
and verifying energy savings by implementing a mea-
surement and verifi cation (M&V) plan, as addressed in 
more detail below.

But what other performance indicators can and 
should be measured?

An emerging fi eld of study, Post-Occupancy Evalua-
tion (POE), measures factors that can infl uence human 
performance. These factors might include measuring 
levels of indoor air quality, daylighting, acoustics, ther-
mal comfort levels, and so on.

Some studies now go beyond measuring just the 
factors that infl uence human performance by attempt-
ing to measure human performance itself. These studies 
measure things like productivity—currently with metrics 
such as absenteeism, turnover rates, and reduced er-
ror rates, among others. Much of this current work in 
the United States is being done by Carnegie Mellon’s 
Center for Building Performance and Diagnostics (see 
BIDS sidebar), Syracuse University, Judith Heerwagen, 
and others. However, even though much work on such 
studies has been launched, there currently exists a 
dearth of conclusive data in this regard. Environmental 
psychologist Heerwagen, who focuses on these issues, 
concludes that “more time and creativity has gone into 
designing natural habitats for zoo animals than in creat-
ing comfortable offi ce spaces for humans.” 

But the early returns from such studies are quite pos-
itive—several have documented statistically signifi cant 
increases in productivity in simple terms. One example, 
from Joseph J. Romm’s and William D. Browning’s 
Greening the Building and the Bottom Line: Increasing 
Productivity through Energy-Effi cient Design (Snowmass, 
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Building Investment Decision Support (BIDS): A Framework for Post-Occupancy 
Evaluation (POE)

Vivian Loftness of Carnegie Mellon University says 
sustainability is, in truth, all about health. Energy and 
material extraction and use, as well as atmospheric, 
water, and land pollution are as signifi cantly health-
related issues as they are environmental conserva-
tion issues. The following has been excerpted from 
papers and reports that she and her colleagues 
have published.*

The work of the faculty, researchers, and graduate 
students of the Center for Building Performance 
and Diagnostics at Carnegie Mellon and the Ad-
vanced Building Systems Integration Consortium, 
link the quality of buildings to productivity, health, 
and life cycle sustainability. As part of this research, 
a new Building Investment Decision Support 
tool—BIDS™—has been developed (see http://
cbpd.arc.cmu.edu/ebids). This cost-benefi t decision 
support tool presents the results and life cycle data 
from over 150 fi eld case studies, laboratory studies, 
simulation studies, and other research efforts. The 
substantial environmental cost-benefi ts of a range 
of advanced and innovative building systems—such 
as delivering privacy and interaction, ergonomics, 
lighting control, thermal control, network fl exibility, 
and access to the natural environment—can now be 
quantifi ed by professionals. This tool illustrates the 
amazing return on investments possible, through a 
range of cost-benefi ts—from the “immediate dol-
lars” of energy effi ciency, waste management, and 
churn, to the “long term dollars” of improved indoor 
environmental quality, productivity, and health. Envi-
ronmental design principles and life-cycle decision-
making are critical to our professional commitment 
to improving quality of life.

The Center for Building Performance and Diagnos-
tics uses the following principles and guidelines as 
a framework for Post-Occupancy Evaluation in sup-
port of what they are calling high performance build-
ings and productive organizations:

 1. Move beyond broad defi nitions of 
sustainability to justify high performance 
materials and assemblies.
Environmental designers often argue for broad 
sustainability objectives without further detail.…
However, investors and clients will need to un-
derstand the specifi c quality differences of sus-
tainable design alternatives—component by 
component—if they are to move beyond least-
fi rst-cost decision-making.

 2. To justify high performance building 
components and systems, understand the 
Cost of Ownership.
In order to promote investment in sustainable, 
high quality buildings, it will be critical to prove to 
the client that the real cost of doing business is 
realized over time, not in fi rst construction costs. 
Careful bookkeeping will reveal that “cheap” 
buildings and infrastructures, and “cheap” build-
ing delivery processes, result in major costs over 
time.

 3. Facilities Management Cost Savings
Maintenance and Repair; Energy, Water, and 
Other Utilities; Cost of Discomfort; Employee 
Retention and Training; Failure Costs: High per-
formance buildings have the potential to gener-
ate signifi cant operational cost savings, ranging 
from energy and other utility effi ciencies, to fa-
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cility management effectiveness, to the poten-
tial for reducing failure costs and measurable 
lost work time due to system failures. 25–50% 
energy savings, for example, can be achieved 
in most existing buildings and . . . new construc-
tion. . . . At present, energy use is typically 1–2% 
of current plant value, and facility management / 
maintenance and repair costs are typically 2–4% 
of current plant value, indicating the importance 
of pinpointing the costs of discomfort and failure 
due to inadequate investments.

 4. Individual Productivity Cost Savings
Speed and Accuracy; Effectiveness; Creativity; 
Motivation; Absenteeism: Since a majority of the 
cost of doing business is for salaries (as much 
as 60%), any innovation that will clearly increase 
productivity even by a small percentage will 
quickly pay back investments in quality prod-
ucts and systems. Adrian Leaman, in England, 
estimates the potential impact for buildings on 
overall productivity as +12.5% (improved perfor-
mance) and –17% (hampered performance), for 
an overall 30% change in worker performance 
between the best and worst buildings.

 5. Attraction/Retention or Turnover 
Cost Savings
Time and Cost to Attract; Quality Attracted; Train-
ing Costs; Retention Rates: Another aspect 
of the productivity cost-benefi t equation is the 
ability to attract and keep the best workers, the 
time needed for training, and the commitment 
of those workers to their work, including unpaid 
overtime. Average turnover rates for private pro-
fessional positions are 20.3% with 6.8% rates 
for government positions. A 2000 study by Jac 
Fitz-Enz identifi ed four costs associated with 

employee turnover: termination, vacancy, re-
placement, and productivity loss.
Total cost of turnover for one position

Termination $ 1,000
Replacement $ 9,000
Productivity $15,875 (3 months baseline salary 

and benefi ts)
Total $25,875—with 20.3% turnover rate [this 

equates to] $5,300 per employee per year

 6. Health Cost Savings
Workman’s Compensation; Medical Insurance 
Costs; Health Litigation Costs; Environmental 
Evaluation & Remediation; Lost Work Time: Af-
ter salary, the second major annual cost of an 
employee is benefi ts, including medical and 
insurance costs, as well as workman’s com-
pensation. Measured reductions in these costs 
would justify investment in better quality envi-
ronments.
 The most easily identifi ed health cost–savings 
linked to the quality of buildings are within work-
man’s compensation, especially as related to 
muscular skeletal disorders (MSD). In the State 
of Washington, workers compensation claims for 
muscular skeletal disorders average over 43,000 
per year with an average 1.84 workdays lost per 
employee. Given average claim rates of 3.6% 
per workforce and median MSD cost of $470, 
the average MSD cost per employee per year is 
$17, which can be substantially offset (over 80%) 
through ergonomic furniture and employee train-
ing. The annual cost of muscular skeletal disor-
ders may be only “the tip of the building-related 
iceberg,” since the annual workman’s compen-
sation costs per employee exceeds over $500 
per year according to Bureau of Labor Statistics 
data.

(continued)
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 7. Spatial Renewability: Organizational Churn 
Cost Savings

Labor and material costs for reconfi guring work-
stations and workgroups; HVAC/Lighting/Net-
working System Modifi cation Costs; Occupant 
Down-Time: There are signifi cant cost-benefi ts 
to investing in renewable, quality building sys-
tems to reduce the cost of “churn.” The Interna-
tional Facility Management Association (IFMA) 
reports a mean churn rate of 41% for all types of 
facilities…the average cost per move was $809, 

while the median cost per move was $479. 
These signifi cant annual expenses are incurred 
to support the cost of: reconfi guring working 
groups and individual space; accommodat-
ing changes in functions, densities, and work 
hours; and accommodating rapid changes in 
technologies on the desktop.

 8. Access to the Natural Environment: 
Daylight and Natural Ventilation
Effective daylighting can yield 10–60% reduc-
tions in annual lighting energy consumption, 

Figure 8-13 This screen capture (from the online BIDS tool) depicts a matrix that can be used to access POE results from the case studies in the 
database and illustrates that remarkable returns on investment are possible over a range of strategies for green buildings. Image courtesy of Vivian 
Loftness, FAIA, University Professor of Architecture at the Center for Building Performances & Diagnostics.
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with average energy savings for introducing 
daylight dimming technologies in existing build-
ings at over 30%. Emerging mixed-mode HVAC 
systems that interactively support natural ven-
tilation and air conditioning are demonstrating 
40–75% reductions in annual HVAC energy 
consumption for cooling. Moreover, design for 
access to the natural environment, including 
daylighting and natural ventilation strategies, 
has shown measurable gains for productivity 
and health in the workplace.

 9. High Performance Equipment
The fi rst trade-off in a value engineering exercise 
is typically to reduce the quality of the equipment 
and appliances that have been specifi ed. Even 
short-term energy savings do not seem to be 
enough to drive decision-makers. For example, 
the introduction of California, and then national, 
standards for equipment and appliance effi cien-
cy has had a major impact on national energy 

use, reducing overall energy consumption for 
heating, cooling and refrigeration by 25%, 40% 
and 75% respectively.
 High Performance Lighting Pays!
 Replace outdated offi ce lighting with quality 
electric lighting systems featuring high-perfor-
mance lamps, ballasts, fi xtures, and advanced 
controls for 27–87% lighting energy savings, 
0.7–26 % productivity gains, and 27% headache 
reduction, with ROIs over 236%.

10. Shading, Cool Roofs and Cool 
Communities
Where once shading through massing, orienta-
tion, external and internal shading devices was 
integral with the aesthetics of place, the shad-
ing of buildings and communities today is a lost 
art. Again, fi rst-least-cost decision-making will 
not support the dynamic and elegantly crafted 
solutions for shading that are invaluable to sus-
tainable environments. Consequently, we must 

Figure 8-14 This graph summarizes 
the relative returns on investment (ROIs) 
associated with various attributes of green 
buildings as derived from 276 studies. 
Even the lowest ROI, which resulted from 
looking at impacts at the whole building 
level for 191 projects, indicates extremely 
attractive fi nancial performance at 19 
percent. Image courtesy of Vivian Loftness, 
FAIA, University Professor of Architecture 
at the Center for Building Performances & 
Diagnostics.

(continued)
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Colo.: Rocky Mountain Institute, 1994; http://www.rmi.
org/images/PDFs/BuildingsLand/D94-27_GBBL.pdf), 
indicates that productivity gains can be as high as 16 
percent.

Clearly, writing and implementing M&V plans and 
POE studies requires additional effort well outside the 
standard for scope and fees. How can we encourage 
and incentivize such invaluable studies? Why would an 
owner pay for these? In short, what is their value? It is 
important to answer this question to ensure that such 
studies are funded and implemented.

First, engaging such studies requires that the re-
lationship between design teams and owners be 
extended well into occupancy. This sustained relation-
ship can do nothing but serve both parties well, as the 
results can be applied in multiple ways. Owners, for 
example, can alter operations and/or future design 
pursuits for the benefi t of their employees and their 
bottom line. Designers can apply the implications of 
these results to their future work. And, in many cases, 
the sustained relationship between owners and de-

build the life-cycle proofs to support shading, 
landscaping and cool roof technologies.
 Cool Roofs Pay!
 Replace conventional dark roofs with cool roof-
ing for 2–79% cooling energy savings and 14–
79% peak cooling demand reduction.

11. Innovative Systems Integration
There are a growing number of LEED® Silver, 
Gold and Platinum projects that have demon-
strated measurable energy benefi ts, as well 
as reduced absenteeism, quicker attraction 
rates, better health statistics, and more. The 

diffi culty lies in determining which elements of 
the building contributed most signifi cantly to 
those gains—one systems integration innova-
tion, the use of underfl oor air to ensure task air 
for each individual, has demonstrated life cycle 
benefi ts.

 Task Air Pays!
 Underfl oor Air Systems:

 Implement underfl oor air systems to ensure 
5–34% annual HVAC energy savings and 67–90% 
annual churn costs savings, for an ROI of at least 
115%.

*Much of the content of this sidebar is taken from Vivian Loftness, Volker Hartkopf, Beran Gurtekin, Ying Hua, Ming Qu, Megan 
Snyder, Yun Gu, and Xiaodi Yang, Carnegie Mellon University Center for Building Performance and Diagnostics, “Building 
Investment Decision Support (BIDS™), 2005.

Figure 8-15 This data from U.S. offi ce buildings reveals that an 
increase in employee productivity of less than 1 percent would pay an 
owner’s entire energy bill (by comparing annual employee salaries and 
benefi ts costs to annual energy costs). Productivity increases of 5 percent 
would pay for an owner’s entire mortgage or lease costs. Productivity 
gains in green buildings have been shown to be as high as 16 percent. 
Graph courtesy of Marcus Sheffer, who adapted this bar chart from 
Environmental Building News, which was derived from data provided by 
Carnegie Mellon Center for Building Performance and Diagnostics ex-
tracted from the Rocky Mountain Institute’s documentation based on data 
from Building Owners and Managers Association (BOMA) International.
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signers can inform their future work together, further 
fusing their relationship.

Owners who build only a single building will need to 
understand the value of performance feedback if they 
are to be willing to pay for it—or to pursue other funding 
sources to support the effort involved. Hence, imple-
menting such studies that produce measurable, quanti-
fi ed results as a means for providing statistical evidence 
linking the relationship between building performance 
and human productivity can serve as strong motivation. 
Their purpose for conducting such studies can then be 
understood as a means for improving not just building 
performance, but also productivity and their bottom line 
(see Figure 8-15).

Potential mechanisms for encouraging the implemen-
tation of feedback mechanisms include the use of perfor-
mance contracting and performance-based fees. Both 
mechanisms tie a portion of the designers’ and builders’ 
fees to the ultimate performance of the project.

Performance contracting taps into the savings gen-
erated by the project, relative to an agreed-upon bench-
mark, as a means for paying a portion of the design and 
construction fees. For example, energy savings con-
fi rmed through M&V efforts produce a revenue stream 
that can be used to pay these fees.

Performance-based fees allow the owner to retain 
a portion of the design and construction fees until 
performance is measured and verifi ed: If the building 
performs well (again, relative to an agreed-upon bench-
mark), designers and builders get paid additional fees 
on a sliding scale: the better the building performs, the 
more fees are earned; if the building performs poorly, 
less fees are paid.

This certainly sounds like a reasonable approach, 
right? Well, these performance-based contracting and 
fee structures are currently unusual, due to the com-
plexities associated with the range of variables involved 
in determining the benchmarks against which to mea-
sure performance. Is this because such an approach is 
too naïve in the context of current practice, or because 

we simply do not yet understand the complexity of how 
to incorporate all of the variables fairly and accurately 
enough to assess performance? In either case, perhaps 
a more clearly defi ned and understood integrative pro-
cess could enable such fee structures by more clearly 
defi ning performance parameters, and, with more data, 
by more clearly predicting outcomes.

The performance data currently generated by the 
building industry is severely lacking. This directly re-
fl ects the nearly complete absence of research and 
development (R&D) investment with regard to building 
performance, relative to the average percentage of an-
nual revenue that most industries devote to R&D. The 
average U.S. industry invests 3 percent of its annual 
sales in R&D, while industries that produce more com-
plex products spend far more, as illustrated in Figure 
8-16. The U.S. design and construction industry spends 
a paltry 0.4 percent; yet, as we have seen, a building is 
perhaps the most complex and expensive product that 
any human will buy in their lifetime.

Our call is clear. We in the building industry must de-
vote more time, energy, and resources to measuring, un-
derstanding, and improving building performance. Such 
performance studies of our buildings are essential if we 
hope to link more effective integration to better perfor-
mance. However, the value derived from these studies 
extends well beyond the project being analyzed. Given 
the value to the industry as a whole—or, dare we say, 
to humanity or living systems—single projects perhaps 
should not be expected to bear the cost burden alone. 
We argue that large-scale institutional funding is needed 
to support industry-wide R&D efforts pertaining to build-
ing performance and human productivity. Participants 
could include universities, U.S. Department of Energy 
labs (such as National Renewable Energy Laboratory, 
NREL), utilities, foundations, design and construction 
professionals, building owners, developers, insurance 
companies, product manufacturers, and others. The driv-
ers behind the creation of such funding, such as global 
climate change and rapidly increasing energy costs, are 
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becoming increasingly recognized—the more serious we 
are about addressing climate change and energy costs, 
the greater the need for building-industry R&D. Such re-
search does not pertain solely to what happens within 
the building, although that would be a good start; as we 
have seen, it must expand the gathering of feedback to 
address larger and larger nested systems.

C.1.1  Operations Activities

� Establish Operations team consisting of key 
stakeholders responsible for continuously 
monitoring, maintaining, and improving envi-
ronmental performance

The Operations team generally is led by the building 
owner; if the owner does not take the lead in coordi-
nating and implementing this effort, it likely will not 
happen. The specifi c key team members responsible 
for performing the required monitoring tasks vary, but 
usually this effort is lead by the owner’s facilities man-
agers in conjunction with other germane participants, 

such as the company responsible for providing and/
or installing the building’s controls systems.

To hold the project’s aspirations and vision, the op-
erations team must also consist of other key stake-
holders beyond facility operators. Key participants 
in this effort may include: the project architect, en-
gineers, builder, energy modeler, commissioning 
authority, POE researchers, and other specialized 
consultants relative to building-specifi c functions.

Continuous systems training for new staff and re-
fresher courses for all staff should be conducted 
pertaining to all systems. One of the best ways we 
have found to reproduce training activities after the 
project is complete and the owner has taken occu-
pancy is to be sure that all training has been vid-
eotaped, as mentioned above. With today’s video 
recording technology, it is easy to document every 
training event and produce a DVD that can be easily 
duplicated and viewed as many times as necessary 
by anyone needing initial training or a refresher.

Figure 8-16 The average U.S. 
industry spends 3 percent of annual 
sales on research and development 
(R&D), while industries that produce 
more complex products spend far 
more. The building design and con-
struction industry lags far behind these 
other industries on R&D spending. 
Image ©2003 R&D Magazine.
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� Establish and implement standard operating 
procedures (SOPs) that provide continuous 
feedback regarding performance of the four 
key subsystems

It is not the intent of this book to provide a com-
prehensive list of all potential feedback sources and 
indicators; rather, the examples provided for each 
of the four key subsystems below are intended to 
identify the range and scope of the most useful op-
portunities for receiving feedback that are common 
to most projects. For each of these indicators, it is 
important to identify and document the mechanism 
by which feedback will be received over the life of 
the project, including the data that needs to be col-
lected, the means for gathering this data, how the 
data will be analyzed (including the metrics and 
benchmarks that will used), and how the resultant 

information will be communicated. Once proce-
dures are established for collecting and reporting 
feedback, they need to be incorporated into the 
project’s standard operational practices.

� Habitat (biotic systems other than human)

• Gather measurements of key indicators of the 

ecosystem; examples include the following:

• macro-invertebrate inventories, dissolved 

oxygen, nitrogen, pH levels, and turbidity in 

surface water

• soil organic matter, chemical composition, 

and infi ltration testing

• ongoing Floristic Quality Assessment and C 

values over time, as discussed in Stage A.5.1

• continuously updated assessments of biodi-

versity (see Key Considerations . . . sidebar)

(continued)

Key Considerations when Planning for Biodiversity during Land Development Activities
By Keith Bowers, Biohabitats, Inc., Baltimore, MD

Conserving and restoring biodiversity should be one 
of the primary focuses of any land development or 
land modifi cation activity. Here are a few key con-
siderations when planning for the conservation and 
restoration of biodiversity at a development site and 
for monitoring biodiversity over time.

 1. Perform a comprehensive site assessment to 
identify the fl ora and fauna and their associated 
habitat that use the project site for part or all of 
their life cycle.

 2. Contact the state Natural Heritage Program 
(along with other relevant programs) to 
determine if the project site supports, or 
has the potential to support endemic, rare, 
threatened, or endangered species or rare 

or signifi cantly important habitat. Protect and 
wherever possible restore RT&E species and 
signifi cantly important habitat.

 3. Consider the geographic and temporal 
scale of the species and habitats of interest. 
Look beyond the project site boundaries to 
the surrounding ecosystems, landscapes, 
bioregions, and biomes. Also focus on the 
niches and populations of specifi c species 
and their relations to the project site. Temporal 
considerations should focus on species 
migrations, foraging, nesting, and hibernation 
cycles, along with natural disturbance regimes.

 4. Context of the project site counts. Identify 
landscape patterns at a broad scale to 
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 Every place we inhabit is unique. Each place 
requires the tracking of performance indicators 
that are unique to that project and place. These 
indicators are not static; they may address cer-
tain aspects within the immediate time frame 
that, because life evolves, may change over 
time as new species emerge and new rela-
tionships form. This evolution is infl uenced by 
the improving or degrading impact of human 
presence as well. As the situation changes, 
different indicators may be more important to 
gauge.

  On one of our projects, there was an immedi-
ate need to diversify the plant species in order 

to provide greater resiliency over the long term, 
as well as to help increase the soil absorption 
capability and groundwater recharge to support 
a nearby stream. As the situation improved, the 
operations plan included periodic evaluations 
of the quality of water within the stream and the 
diversity of additional water species to monitor 
the progress of improvements.

  The plan of action needs to address the 
expectation of improvement, but there is no 
guarantee that life will proceed as we expect. 
Therefore, the narrative of where we hope 
things will go and what to look for is probably 
as important as any set of indicators.

determine habitat patches, connectivity, and the 
underlying matrix, or relationships of land uses.

 5. Connectivity of habitat is key. Well-connected 
habitat provides species the opportunity to move 
throughout the landscape. Avoid habitat frag-
mentation and wherever possible restore habitat 
connectivity. Connectivity of habitat can provide 
refugia for species that migrate due to disturbance 
regimes and the effects of climate change.

 6. Size of habitat matters. Large patches of similar 
habitat protect interior species and species 
with large home ranges. The core area of the 
patch, along with its shape, amount of edge, and 
proximity to other habitat patches can be key to 
maintaining biodiversity.

 7. Consider the potential impacts that the 
development and operations will have on habitat 
and its associated biodiversity and how those 
impacts will be very different depending on 

the characteristics of the development and its 
associated footprint.

 8. Recognize that ecosystems are going through 
profound abiotic and biotic changes. Look for 
ways that development and operations activities 
not only regenerate reference ecosystem 
processes and functions but also facilitate 
the creation of novel ecosystems to enhance 
biodiversity.

 9. Biodiversity and culture go hand-in-hand. 
Explore how human habitat and wildlife habitat 
can commingle in a way that supports the 
evolutionary trajectory of both.

10. Apply an adaptive management strategy to 
biodiversity conservation and restoration. 
Adaptive management is a learning process 
that allows for the modifi cation of long term 
management strategies based on the success or 
failure of past strategies.
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• Example: For a large project that served as a 
connector to two formerly linked ecosystems, 
the following issues needed to be addressed 
and monitored:
• Stream restoration: Channel-shape assess-

ments, so neither degrading nor aggrading 
(sediment erosion or buildup) takes place; 
monitoring rifl e pool sequences for trout 
habitat and water oxygenation; investiga-
tions of the fl oodplain to assess and stabi-
lize locations for plant- and tree-restoration 
plantings.

• Wildlife habitat: Focal species monitoring; 
shrubland and grassland plant-community 
diversity assessments; status of security is-
lands for small species with lesser mobility; 

management of threatened bird species to 
preserves that include roosts, buffers, and 
large areas of emergent wetlands; upland 
forest management programs and trails to 
reduce stress from human use; thinning of 
forest for fi re protection; annual burn proto-
cols to restore healthy forest fl oor, meadow, 
and prairie vegetation; increase of organic 
matter in revegetation areas; monitoring 
habitat movement through corridors; taking 
particular care to understand and minimize 
levels of encroachment and understand the 
impact of encroachment.

• Protection of soils and water resources from 
impacts of erosion, invasive species, and 
overuse.

Figure 8-17 Plant-type 
zones are identifi ed on a future 
development parcel as the land 
rises in elevation and distance 
from the Chesapeake Bay. These 
zones will inform the types 
of plants to be restored and 
monitored on future build-
ings lots within each zone as 
the development’s plan for 
biodiversity—realizing a similar 
pattern of living system relation-
ships that was originally on the 
site before it was simplifi ed due 
to the previous owner’s having 
scraped the site clean of all 
habitat. Image courtesy of Torti 
Gallas and Partners, Tim Murphy 
of Regenesis.
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� Habitat (human)

• Perform post-occupancy evaluation (POE) 
studies to measure the factors that infl uence hu-
man performance (indoor air quality, daylight-
ing, acoustics, thermal comfort levels, etc.), as 
discussed above. Various POE methodologies 
evaluate the performance of occupied build-
ings relative to their initial performance targets. 
This set of tasks includes the systematic gath-
ering of data about the building’s performance; 
it includes measurement and analysis of both 
quantitative and qualitative information collect-
ed from both the building and its occupants 
(via occupant surveys). Information collected 
through measurement can consist of data 
from water and electric bills, measurements 
of indoor air quality (IAQ), daylighting and/or 
electric lighting levels, energy consumption by 
end use, and more. Information collected from 
surveys provides data on thermal comfort, air 
quality, acoustics, lighting, cleanliness, spatial 
layout, and offi ce furnishings. By comparing 
data from both measurement and surveys, 
we can better understand the relationship be-
tween conceptual and actual performance, as 
well as identify other performance parameters 
that need to be addressed in design. 

• Examples: We recently performed a POE for 
a facility that had achieved LEED Certifi ca-
tion. Using tools like LEED during design can 
provide guidance to the design team for incor-
porating high performance features into the 
project. Ultimately, however, the proof is not 
in the paperwork submitted for LEED certifi ca-
tion but in how the building performs in reality. 
This particular study focused on issues related 
to IAQ, lighting, indoor environmental quality 
(IEQ), and analysis of utility billing. The fi rst 

step in a POE is to devise the mechanisms to 
be used for gathering data. In this case, the 
data included air samples, temperature, hu-
midity and CO2 measurements, light levels, 
IEQ survey results, and data from utility bills.

  POE studies often include a survey of the 
building occupants to gather feedback on their 
comfort and the performance of the building 
and its systems. The Center for the Built Envi-
ronment (http://www.cbe.berkeley.edu/index.

Figure 8-18 Air sampling using a test kit can identify potential 
indoor air quality issues. The test kit shown here draws an air sample 
from an area of about 1,000 square feet, which is then sent to a lab 
for analysis. The IAQ parameters tested, in this case, yielded results 
for total volatile organic compounds, formaldehyde, and mold. Image 
courtesy of Todd Reed.
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Figure 8-19 Data related to comfort, including temperature, humidity, 
and CO2 levels, is gathered and mapped on the building’s fl oor plan. In 
this case, the measured comfort parameters are all within acceptable 
ranges. Image courtesy of Todd Reed.
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htm) offers an online survey that addresses the 
issues below; it can be modifi ed to address 
others (see Figures 8-20 and 8-24):
• Offi ce layout
• Offi ce furnishings
• Thermal comfort
• Air quality
• Lighting
• Acoustic quality
• Cleanliness and maintenance

  Project teams conducting this type of survey 
can qualify for a point in the LEED IEQ category 
of credits, since it serves as the primary mea-
sure of a thermally comfortable environment. 
According to the American Society of Heating, 
Refrigerating and Air-Conditioning Engineers 
(ASHRAE), if 80 percent of occupants express 
satisfaction (or better) with the thermal comfort 
conditions, then the space is considered ther-
mally comfortable. When reviewing this LEED 
credit with project teams, we are surprised at 
the number of building owners that choose 
to pass up this opportunity because they do 
not want to know the results or provide occu-
pants with a vehicle for their complaints. This 
evidences that we almost expect to produce 
uncomfortable spaces as the norm—or that 
we have given up trying to provide adequate 
fl exibility in systems design to allow for greater 
levels of individual control. Survey data is a vi-
tal feedback mechanism that can help us pro-
duce healthier, more productive human habi-
tat for people with varying needs, rather than a 
one-size fi ts all approach.

  The POEs that measure human performance 
(with metrics such as absenteeism, turnover 
rates, productivity, error rates, etc.) differ from 
POEs that focus on building performance. The 
latter type of POE focuses on the factors that 

infl uence human performance, while the former 
focuses on the measurement of human perfor-
mance itself, as mentioned above. As a result, 
the fi rst set of data can be correlated with the 
second, in an attempt to analyze and determine 
causality. Adjustments can then be made ac-
cordingly to improve performance and inform 
performance targets for future design efforts.

� Water
 The benefi t to monitoring long-term water qual-

ity will certainly be useful to the building project, 
its occupants, and the larger living system it 
inhabits. In addition, this information could po-
tentially infl uence changes in building codes by 
demonstrating the measurable benefi t of alterna-
tive systems. An example of this resulted from 
monitoring the quality of water that exits from the 
constructed wetlands systems installed on a va-
riety of projects on which we have worked. We 
fi nd it ironic that this water is often signifi cantly 
cleaner than the municipally supplied water our 

Figure 8-20 Survey questions are used as a component of a POE to 
determine occupant satisfaction related to building performance. Respon-
dents expressing dissatisfaction are asked to attribute a reason for their 
discomfort. This information can enable adjustments to be made in the 
building systems to improve the satisfaction rate. Image ©2008 Center 
for the Built Environment.
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projects are typically required to use. However, 
the governing agencies we have established to 
protect our health and safety are understand-
ably concerned about “new” technologies that 
are represented by a minimal number of instal-
lations. Evidence and the performance tracking 
of alternative systems will help move us toward 
better systems in the future. 

• Site water use:
 The typical indicators used for water quality on 

or near a site help to determine impacts from 
improper human waste treatment, overfertil-
ization, poor agricultural practices, erosion of 
soils, chemical pollution from industrial wastes, 
excess animal waste, improper chemical treat-
ment of water, and so on; these indicators in-
clude the following:
• Biochemical oxygen demand
• Biological monitoring
• Chemical oxygen demand
• Coliform bacteria
• Dissolved organic carbon
• Fecal coliforms
• Hypoxia (environmental)
• Nitrate
• Oxygen saturation
• PH
• Salinity
• Total suspended solids
• Turbidity

• Monitor building water use and cost:
 Water use and cost are similar to energy in 

that the data should be gathered, analyzed, 
and benchmarked. Water use is typically less 
complicated to monitor than energy use, un-
less there are substantial process water uses 
or more complicated gray water or rainwater 
harvesting systems. Process water is gener-
ally referred to as water use outside the typical 

water consumption in buildings. Typical water 
consumption includes water used for irrigation 
and water used by fl ush fi xtures (toilets, uri-
nals) and fl ow fi xtures (faucets, showerheads). 
Process water could include water used by 
commercial dishwashers, cooling towers, 
manufacturing processes, and so on.

• Benchmark building water use against the 
original target and/or similar facilities:

 Unfortunately there is not yet a database of 
commercial building water consumption simi-
lar to that used by the Target Finder tool for 
energy (as discussed under the “Energy” sec-
tions of in Stages A.1.1 and A.5.1). However, 
numerous publications related to public water 
supply and plumbing design refer to water-use 
values, typically reported as gallons per per-
son per day. This benchmark can be calcu-
lated rather easily for many facilities.

• Benchmark building water use against the cal-
culated prediction:

 In many cases, the calculations generated 
when completing the LEED documentation re-
lated to water use can serve as the calculation 
methodology for predicted water use, exclud-
ing process water.

• Gather data required for the M&V effort:
 Also similar to the effort for energy, data re-

lated to water use will need to be gathered as 
part of the M&V effort.

• Example: W. S. Cumby, a builder and con-
struction management fi rm near Philadelphia, 
Pennsylvania, renovated a senior housing facil-
ity into offi ce space that was then LEED Certi-
fi ed. We conducted a POE study for this project 
that included an analysis and benchmarking of 
the project’s water use. Water use was bench-
marked relative to the predictions of water use 
in the LEED submission and against typical 
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water-consumption values in offi ce buildings. 
The predicted water use was 66,638 gallons per 
year. The benchmark for a comparable offi ce 
building, based on typical water-use data, was 
75,400 gallons per year. The fi rst year’s actual 
consumption was 124,000 gallons. Closer ex-
amination revealed that there were four months 
of anomalous consumption with much higher 
water use than the other eight months (see Fig-
ure 8-21). As of this writing the reasons for the 
excess consumption during those four months 
have not yet been determined, but if the eight 
“typical” months are more indicative of normal 
use, then the project could be consuming just 
around 60,000 gallons per year. However, the 
simple process of tracking the data can help 
to point out problems by identifying anomalies 
that need to be investigated and/or corrected, 
as in this example.

� Energy

• Monitor energy use and cost:
 Facility owners typically track energy costs and 

sometimes energy usage. This information is 
rarely analyzed beyond making a comparison 

to the previous year when the cost signifi cantly 
increases. Rarer yet is the design fi rm or build-
er who tracks the energy performance of their 
projects. Without gathering and analyzing this 
data, how does a project team know if they 
have designed and built an energy hog or not? 
If they have, what could have been done dif-
ferently to minimize the problem? If not, how 
close are they to achieving their performance 
targets, and how might performance be im-
proved? Since most owners have the data, or 
can easily obtain it, conducting the analysis is 
a relatively simple undertaking.

• Benchmark energy use against the original 
performance target:

 Once the energy cost and consumption data 
has been gathered, it should be benchmarked 
against the  original energy target established 
for the project during design. Has the perfor-
mance target been met? If not, then the question 
should be: Why not? Thus begins the pursuit of 
reducing the facility’s energy use over time.

• Benchmark energy use against similar facilities:
 The energy cost and consumption data should 

also be benchmarked against similar facilities. 
As discussed several times, beginning back 
in Stage A.1, the U.S. Environmental Protec-
tion Agency’s (EPA’s) Target Finder tool can 
be used to compare actual utility data to data 
from similar facilities that has been normalized 
for location and building size. Other potential 
benchmarks could include data from simi-
lar facilities owned by the same owner (e.g., 
other buildings on a university campus), data 
from similar facilities in the same area, or Com-
mercial Buildings Energy Consumption Survey 
(CBECS) data. The CBECS data is the basis 
for Target Finder and for the targets in the 2030 
Challenge (also discussed in Stage A.1.1). 

Figure 8-21 Monthly water use was graphed for 2006–2007 as part of 
a POE study for this project. What caused the spikes in water use during 
this year is currently unknown. By monitoring water use on a more regular 
basis, these increases in usage can be identifi ed more quickly, so that the 
source of any problems can be remedied. Image courtesy of Brad Kise.
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Comparisons to CBECS data can be used to 
measure performance against these targets.

• Benchmark against the energy modeling results:
 It is very tempting for projects to immediately 

compare the actual utility bills to the energy mod-
eling results. While this is a fair comparison, it is 
important to understand that the energy model 
is a prediction of performance based on a long 
series of assumptions. Often the assumptions 
do not pan out in reality (see M&V discussion 
below in Stage C.1.2), and as a result, the val-
ues predicted by the model do not match actual 
energy consumption. A better comparison is to 

use the energy model as part of the M&V ef-
fort. During this process, the energy model is 
calibrated to match actual utility bills. The fi rst 
step in the M&V process is to gather data re-
quired for the M&V effort, including utility billing 
data, submetered consumption data, informa-
tion stored in the controls system’s data logger 
(if applicable), detailed occupancy schedules, 
actual weather data for the year being analyzed, 
and so on, in accordance with the M&V plan. 

• Example: A POE study can include simplifi ed 
analysis and benchmarking of the project’s en-
ergy use and cost. For the W. S. Cumby offi ce 

Figure 8-22 Actual building performance can be benchmarked within the U.S. Environmental Protection Agency’s Target Finder. This particular project 
scored an 88 in Target Finder. Additional Target Finder scores also were entered to provide a point of reference and establish a goal for future energy 
improvements. Image courtesy of Marcus Sheffer.
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facility discussed above, we benchmarked util-
ity bills against Target Finder (Figure 8-22) and 
the 2030 Challenge (Figure 8-23). The project 
scored an 88 in Target Finder, which exceeds 
the 75 score required to qualify it as an Energy 
Star Building. The measured performance also 
exceeded the 2030 Challenge’s current target 
by more than 30 percent. 

� Materials
 We saw in Schematic Design (Chapter 6) that the 

operational impacts of a building’s energy ac-
crue over time but that impacts related to materi-
als choices stay relatively static. The exception 
to the nonaccruing nature of materials impacts 
is associated with impacts resulting from their 
maintenance and replacement, which do accrue 

Figure 8-23 The 2030 Challenge targets also can be used as a benchmark for comparison. Based on Commercial Buildings Energy Consumption 
Survey (CBECS) data, the current goal is a 50 percent reduction compared to the average building. This project exceeded the goal by 31.5 percent. Image 
courtesy of Marcus Sheffer.
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over time. Many people are surprised to hear 
that the maintenance of a fl oor—when regularly 
cleaned with heavy chemicals, waxed, stripped, 
and rewaxed, for example—can have a greater 
environmental impact than the total impacts as-
sociated with the extraction, production, and dis-
posal of that fl ooring material.

  The initial inclination is to purchase materials 
that are known to require low maintenance. We 
have found this idea to be completely subjec-
tive, however, and the concept of maintenance 
for one person or institution can be completely 
different from another.

  The complexity of maintenance and replace-
ment is compounded by the fact that the mainte-
nance staff is rarely involved in design decisions. 
When they are involved, we have experienced an 
unfortunate tendency to select and maintain ma-
terials to fi t within their current maintenance pat-
tern. In schools, for example, we have noticed a 
propensity for waxing vinyl composition tile (VCT) 
fl oors during every break. This is often done on 
top of fl oors that have a fi nish designed to last 
decades without wax, generating signifi cant im-
pacts on indoor air quality—and needlessly con-
suming time, energy, and money. Instead, the 
team should explore ways to lower environmen-
tal impacts and cost, while establishing a main-
tenance and replacement schedule that ensures 
longevity—all the while with an eye toward the 
aesthetic concerns of cleanliness and beauty.

  The design team should create an outline of 
all fi nish materials that indicates why they were 
chosen, their expected life, their anticipated re-
placement schedule, and the intended main-
tenance recommended by the manufacturer, 
where applicable. In a sophisticated process, 
the design team will be fully aware of the ex-
pected maintenance requirements for fi nish ma-
terials and will write a plan that addresses three 

key issues: alignment with service-life planning 
(documented in early design), maintenance and 
replacement, and green housekeeping. The goal 
of this plan should be to reduce the amount of 
maintenance and replacement required, then to 
use cleaning products and equipment that have 
lower environmental and IAQ impacts than more 
conventional options.

• Alignment with service-life planning:
 If during the Discovery phase, the project team 

undertook a serious effort to determine a close 
approximation of the building’s service life, as 
discussed in Stage A.3.1, fi nish materials that 
match the expected life of the building could 
have been selected. If the team also sought 
ways to delaminate materials, fi nish materi-
als that integrate with structural components 
could have been selected. For example, if the 
building is likely to change substantively or 
be replaced within a twenty-year time frame, 
the fi nish materials optimally would have been 
designed to be easily removed and chosen 
for their ability to be recycled or reused. If, 
on the other hand, the building is intended 
to stand for centuries, every effort will have 
been made to avoid adhesives, for example 
(as they are most likely to fail over time), and 
to integrate fi nish materials into the structure 
of the building—perhaps using the structural 
components themselves as fi nishes. We have 
found, though, that such alignment of materi-
als selection with maintenance requirements 
and service life is almost never considered. In 
other words, a material that is expected to be 
recycled within thirty years, as opposed to a 
material that is expected to stay in place for 
two hundred years, likely will require differ-
ent scheduled-maintenance procedures, and 
these need to be taken into consideration.
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  This alignment requires careful planning on a 
case-by-case basis with regard to the amount 
and type of use for any given material. If the 
design team did its job well, for example, there 
will not be carpet to maintain in extremely high-
traffi c areas. These areas should have been 
designed to be easily cleaned and maintained 
without requiring heavy coatings and waxes. If 
for some reason carpet was selected for such 
an area, carpet tiles that can be replaced eas-
ily (without replacing the carpet over the entire 
area) should have been considered.

  Another example might be a wood fl oor 
that gets heavy traffi c over a long service life, 
whose maintenance requires a regular coating, 
perhaps every ten years. In this case, coatings 
such as a modifi ed oil rather than a static ure-
thane should be considered so that each new 
coating can be applied without completely 
stripping the old coating and decreasing the 
overall life of the wood fl oor.

  A good example of material delamination 
that integrates a fi nish material with structural 
components is a polished concrete fl oor slab. 
We have discussed the benefi ts of this option 
on many projects and have had great success 
in recent years. We have found that this inte-
gration of structure and fi nish can dramatically 
decrease maintenance requirements. It should 
be noted that examples such as this can ben-
efi t buildings with either a short- or long-term 
expected service life.

• Maintenance and replacement:
 When the people responsible for maintaining 

a material or product in a building are aware 
of (or involved with) how it was designed and 
intended to be cared for, they can adjust ac-
cordingly. Without this information, they likely 
will tend to maintain each material in the same 

way as every other material, resulting in, for 
example, overmaintenance or applications of 
unneeded coatings and chemicals.

  Likewise, the expected replacement of a 
material should be made known to the people 
maintaining the building, especially when that 
replacement may have an impact on the lon-
gevity of other materials. The expected life of 
a roof provides an excellent example. Let’s say 
a membrane roof uses a seam sealer that is 
expected to last forty years. It may be obvious 
when that seam begins to fail, but perhaps ex-
tremely small leaks not easily seen will emerge 
beforehand that cause damage to interior 
spaces. Maintenance staff should know when 
to begin to look for such issues.

  Typical behavior with regard to paint is a 
good example for illustrating replacement is-
sues as they relate to maintenance. Institutions 
often repaint on a regular basis whether the 
need exists or not. A maintenance plan could 
instead encourage regular wall cleaning and 
touch-up rather than full paint replacement. 
This requires a consistent supply of original 
paint types and colors, of course.

• Green housekeeping:
 Fortunately, green housekeeping is well known 

in today’s building industry. In fact, once it is 
used and tried, most owners and maintenance 
professionals are overwhelmed with the im-
provement in indoor air quality and pleased 
with the performance of cleaning products 
that contain no toxicants and low VOCs. Green 
cleaning programs should be taken seriously, 
and the maintenance plan should provide train-
ing of staff on the types of cleaning products 
and equipment to be used for various materi-
als, including instruction on how much of each 
cleaning product should be used. Lack of train-
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ing almost always leads to overuse of cleaning 
products and thereby increased costs. It is 
our experience that there is no reason to use 
conventional chemicals for maintenance and 
housekeeping.

• Example: We recently worked with a school 
district that had tried two different types of 
coatings on their gymnasium fl oors. One type, 
a polyurethane, was thought to be more per-
manent and was benefi cial in some ways due 
to its low VOC content. The other type, an oil-
modifi ed urethane, had a higher VOC content. 
The two fi nishes were compared relative to 
how they were maintained and replaced. The 
polyurethane was waxed regularly, but it still 
collected permanent scratches that required 
removal of the entire surface by sanding on 
a regular basis. The modifi ed urethane had 
never been waxed or replaced, but every fi ve 
to ten years a new layer was added as need-
ed. The results were not quantifi ed, but it was 
clear that the quantity of VOCs that came with 
regular waxing were much greater than the 
VOCs that came from recoating when quanti-
fi ed on a long-term basis. Likewise, the fl oors 
that used the modifi ed urethane lasted longer, 
because they were not subjected to sand-
ing; this sanding tended to remove nearly 
one-eighth of an inch every time it occurred. 
The energy it took to refi nish the polyurethane 
coated fl oors (relative to none for the modi-
fi ed urethane) was never quantifi ed either. If 
a comprehensive comparison were to be fully 
studied, though, it is obvious that the modifi ed 
urethane, while initially having a higher VOC 
content, has a signifi cantly lower overall im-
pact in total VOC exposure, plus signifi cantly 
lower maintenance and replacement costs 
and impacts over its service life.

� Commissioning: Conduct periodic Recommis-
sioning in accordance with Recommissioning 
Manual

The recommissioning of a building should rest 
squarely on the shoulders of those who will be oper-
ating and maintaining the facility. While it is possible 
to hire the original CxA or some other outside fi rm to 
come in and retest the systems, it makes the most 
sense for those intimate with the day-to-day opera-
tions of a facility to be directly involved with ensuring 
that the facility continues to function smoothly. Short 
of expensive automation, the best way to recommis-
sion a facility is to duplicate the efforts of the functional 
testing activities that occurred during the acceptance 
phase of the original commissioning process. Usu-
ally these functional tests have been written in simple, 
easy-to-read language describing processes and 
procedures, contained in the original commissioning 
report. At the completion of the original commission-
ing activities, blank functional test forms for all com-
missioned systems are provided to the owner, along 
with completed forms recording the original commis-
sioning results, so that the blank forms can be used 
in the future, during recommissioning, to enable com-
parisons with the original results.

For example, we recently commissioned an ambula-
tory care medical facility. The heating system is hy-
dronic hot water with primary and secondary pump 
and piping arrangements. During the functional 
testing of this system, we identifi ed a subtle issue 
with the three-way mixing valve that provides the in-
terface between the primary and secondary piping 
systems. The temperature outside was above 60ºF, 
and the reset schedule called for a heating water 
temperature of 120ºF when the outside air tempera-
ture is 60ºF. The actual temperature, however, on 
the supply side of the secondary loop was 145ºF. 
Other than this difference in water temperature, the 
system seemed to operate as designed. Since this 
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water temperature was incorrect, the expected result 
of the functional test was not achieved. We identifi ed 
the issue and moved on to the next test.

Later that day, the controls contractor stayed late in 
an attempt to resolve issues from the day’s com-
missioning efforts, so we could follow up the next 
day and successfully complete any functional tests 
with remaining outstanding issues. He found that 
the mixing valve (actually one of two butterfl y valves 
tied together with linkage) had been overturned (be-
yond 90 degrees), which had damaged the rubber 
seat. At full closure, the valve was bleeding water 
from the secondary return line. Because the return 
was leaking, the heating water supply also was leak-
ing, thus causing the elevated secondary supply 
temperature. The butterfl y valve was replaced. After 
the replacement valve was installed, the tempera-
tures in the system came right into alignment and 
the functional test was successful.

In this instance, the discovered issue would not 
have caused the system to fail. However, the issue 
would have remained undetected by the conven-
tional construction process; hence, the system in all 
likelihood would never have been in tune, and ad-
ditional energy would have been wasted over the life 
of the facility.

C.1.2 Principles and Measurement

LEED for Existing Buildings: Operations and Mainte-
nance (LEED-EBOM) can serve as a valuable tool for 
helping teams measure the performance of operations 
and maintenance procedures within the building and its 
immediate site and provide performance feedback over 
the life of the building (see LEED-EBOM sidebar).

� Document key indicators that serve as proxies 
for the health of the larger ecosystem

Each project will have unique indicators. These will 
be determined by the key issues addressed at the 
point of the project’s initial habitation, whether the 

project involved new construction or repurposing of 
an existing building and property. An initial assess-
ment of native plant species’ tolerance for distur-
bance and/or fi delity to a particular presettlement 
plant community is important. The same goes for 
animal species. Monitoring of the increased viability 
and diversity of the guild of relationships between 
the plants and animals can then ensue. As the proj-
ect evolves, other species that are important to track 
may emerge. Human aspirations and understand-
ing will also evolve, and the goals that originally 
had been set for the project may change, based on 
unexpected and newly emergent species (life hap-
pens!). The role of continuous or periodic feedback 
is as essential with living systems as it is with me-
chanical systems.

� Document occupant surveys and reconcile re-
sults with building systems performance

As we have seen, POE data enables feedback 
from which we can learn much. Not only can we 
begin to understand how buildings perform, we 
also can explore how the occupants respond to 
conditions in a space and to various construc-
tion materials and methods. By comparing POE 
data of actual building performance with concep-
tual predictions, we can begin to improve both 
the overall performance of buildings and our pro-
cess for designing them. The goal is to gather 
and document the “lessons learned” from these 
building projects, so that we can improve the de-
sign and construction process and elevate cur-
rent practice.

The fi nal POE studies should be performed and 
the results documented. A report is generated that 
summarizes the results; it should also compare 
measured performance to performance targets 
and other national and/or regional benchmarks.

To enable feedback, the results of POE studies 
should be shared with the design and construction 
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(continued)

LEED for Existing Buildings: Operations & Maintenance (LEED-EBOM)—
Sustainability for Your Facilities
By Doug Gatlin VP, Market Development, US Green Building Council

The current commercial buildings market in the Unit-
ed States is vast and aging. Spanning over 5 million 
individual facilities and comprising 70 billion square 
feet, U.S. commercial buildings—including offi ces, 
retail facilities, schools, and public buildings—are 
over 30 years old on average. Many could benefi t 
from the use of green operations and maintenance 
strategies addressed in the US Green Building 
Council’s (USGBC) new rating system, LEED for Ex-
isting Buildings: Operations and Maintenance.

Launched in January of 2008, the LEED for Existing 
Buildings: O&M Rating System is a tool for maximiz-
ing effi cient operations in existing buildings. It identi-
fi es and rewards best practices across the spectrum 
of building management issues, including energy 
and water effi ciency, resource conservation, recy-
cling, environmentally preferable purchasing, and 
green cleaning. LEED for Existing Buildings: O&M 
also serves as an outline for implementing improve-
ments, and provides a reference to the technologies 
and strategies that will help you along your journey 
toward sustainable facilities operations.

USGBC also provides independent third-party 
verifi cation of the green performance levels of the 
buildings that pursue LEED certifi cation. Already 
prevalent in the new construction arena, LEED cer-
tifi cation is now gaining popularity among existing 
buildings’ operations, as owners seek to quantify the 
performance of their buildings across a range of key 
areas such as carbon emissions, sustainable site 
management, water conservation, and indoor envi-

ronmental quality. Over 1,000 building projects as 
of this writing have registered their intent to achieve 
LEED Existing Buildings: O&M certifi cation, and 
dozens more join the ranks every week.

LEED for Existing Buildings: O&M is the result of 
major revisions to the LEED for Existing Buildings 
Rating System, fi rst launched in 2004. The new ver-
sion has a clearer focus on green operations, as 
opposed to construction, making it a more useful 
tool for implementing sustainability across the board 
in an organization’s facilities. The other goals of the 
new system are streamlined reporting requirements 
for earning LEED certifi cation, and increased focus 
on measured environmental outcomes.

Aligning LEED with issues of growing global con-
cern, the new rating system also contains 50% 
greater point allocation for energy effi ciency and 
double the numbers of points for water use reduc-
tions. In addition, greater emphasis has been added 
for achieving a comprehensive green cleaning pro-
gram and use of performance metrics for cleaning 
effectiveness.

LEED Existing Buildings: O&M—A Path for Sustain-
able Facility Management

The journey toward sustainability begins with creat-
ing a plan for improving existing facility performance 
and operations practices. The collection of mea-
sures, known as credits, in the LEED for Existing 
Buildings: O&M rating system can be used as the 
basis for this plan. This can be done at the level of 
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team. Of potentially greater value is sharing these 
results with the larger building industry. Many folks 
are reluctant to share this information, since it can 
be viewed as proprietary, or their reluctance might 
stem from fears about revealing their mistakes to 

the world. One way to address these concerns is 
to aggregate the results from multiple projects into 
a larger data set and report them collectively. This 
type of research is currently being carried out by 
the Center for the Built Environment, New Buildings 

an individual building, or can be applied to dozens 
or even hundreds of buildings across a portfolio. 
Here’s a suggested path to getting started:

First, explore the Green Cleaning credits listed in 
LEED for Existing Buildings: O&M. These include 
specifi cations for sustainable cleaning products 
and materials, sustainable cleaning equipment, and 
integrated pest management. In addition, the rating 
system contains an innovative system for measur-
ing custodial effectiveness. Many of these greening 
improvements can be applied universally across a 
portfolio of buildings, through group acquisition of 
sustainable cleaning products and equipment, and 
also through selection of the green cleaning option 
provided through a growing number of janitorial and 
custodial services contracts.

Next look at opportunities to trim unnecessary waste 
through increased company-wide recycling initia-
tives. The Materials and Resources (MR) section of 
LEED for Existing Buildings: O&M provides guid-
ance on increasing recycling levels, assessing the 
composition of the waste stream, and setting up a 
system for safe handling and disposal of toxic mer-
cury-containing fl uorescent lamps. The MR section 
also provides guidance for sustainable product pur-
chase of offi ce paper and supplies, durable goods 
such as printers and photocopy machines, and also 
provides specifi cations for sustainable facilities im-
provements and alterations.

Crucial to sustainability, energy and water effi ciency 
are addressed through the establishment of mini-
mum performance thresholds (prerequisites for 
USGBC certifi cation), as well as a host of optional 
credits, including a focus on building commission-
ing, metering and sub-metering, energy and water 
system upgrades, energy benchmarking, and use 
of renewable energy. The new rating system even 
explores options for reducing water use through 
proper management of cooling towers.

All of the above measures, plus a strong set of in-
door environmental quality requirements and a num-
ber of innovative strategies for sustainable site man-
agement make up the new LEED for Existing Build-
ings: O&M rating system. Many of the items can 
be implemented quickly at no cost and will garner 
immediate environmental benefi ts. Others can be 
implemented over time as part of a comprehensive 
upgrade plan. Taken together the measures help 
answer the question, “how green are my facilities?”

In short, the LEED for Existing Buildings: O&M Rat-
ing System provides an industry-approved frame-
work for improving the performance, comfort, health 
and environmental footprint of commercial buildings. 
Facility managers can also apply the best practices 
in LEED to a large number of buildings, by imple-
menting green O&M measures incrementally across 
a portfolio of buildings to yield top green building 
performance while moving their organizations ahead 
in the journey toward sustainability.
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Institute, U.S. Green Building Council, National Re-
newable Energy Laboratory, and many others.

� Implement Measurement and Verifi cation (M&V) 
plan continuously over the life of the building

The primary purpose of the M&V plan, prepared dur-
ing the construction documents stage, is to verify 
that the predicted savings come to fruition during oc-
cupancy. Once the plan has been implemented, the 
fi nal results should determine actual savings, typi-
cally for both water and energy. The fi nal report also 
should identify potential areas for future savings.

The preferred methodology used in new construc-
tion projects for documenting actual energy savings 
is referred to as calibrated simulation. The energy 
model is calibrated, based on the data gathered 
during occupancy, and reconciled with the utility 
bills. A revised baseline is then established, which 
determines savings.

The determination of actual savings is only the end 
game for M&V. The real value often lies in the les-
sons learned, while performing the M&V, about how 

facilities are actually operated relative to a predic-
tion. It will come as no surprise to designers and 
builders that buildings often are operated differently 
than intended or expected.

We participated in an M&V effort sponsored by the 
National Renewable Energy Laboratory on the Penn-
sylvania DEP Cambria project, and the information 
garnered from that process was documented in a 
comprehensive report that can be obtained from 
the U.S. Department of Energy’s High Performance 
Buildings Web site (http://www.eere.energy.gov/
buildings/highperformance/), entitled “Analysis of the 
Design and Energy Performance of the Pennsylvania 
Department of Environmental Protection Cambria Of-
fi ce Building” (March 2005).

The report details what worked and what did not, 
then determined the reasons why predicted energy 
savings did not meet expectations. As shown in Fig-
ure 8-25, the actual savings were 40 percent better 
than the baseline (which was a minimally code-com-
pliant version of the project). The predicted energy 

Figure 8-24 The overall occupant survey results 
from a POE study. The diamonds represent the score 
for this particular project, while the circles represent 
the average results from fi fteen other LEED certifi ed 
projects. With the exception of acoustics, this project 
scored as well as or better than comparable buildings. 
Image based on the results of an Occupant Indoor 
Environmental Quality Survey by the Center for the Built 
Environment, courtesy of Todd Reed.
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savings, however, were on the order of 52 percent. 
There were several reasons why the actual savings 
fell short of predictions. First and foremost, the ener-
gy model did not account for the fact that the build-
ing’s plug loads (computers, printers, etc.) were in 
actuality not turned off during unoccupied periods. 
One-half of the building’s measured plug load was 
operating 24/7, as illustrated in Figure 8-26, which 
was not anticipated in the original model. The other 
prime contributor was due to a faulty inverter on 
the photovoltaic system that resulted in far less so-
lar electricity being generated than was predicted. 
These POE results allowed for the energy model to 
be calibrated with measured performance and op-
erations, thus creating a very accurate predictor of 
any future savings. It was calculated that if the ma-
jority of the plug loads were turned off during unoc-
cupied periods, the actual savings would increase 
to approximately 50 percent and be in far greater 
alignment with the overall modeled prediction.

At the conclusion of the initial M&V period, it is no 
longer necessary to calculate savings relative to an 
agreed-upon baseline; the new baseline becomes 
the original utility bills generated during the fi rst year 
or two of occupancy. Any submeters used in this 
initial M&V effort now become very useful trouble-

shooting tools for identifying and pinpointing opera-
tions issues that relate to energy performance. At 
this point, M&V becomes a continuous monitoring 
effort over the life of the building.

� Insert results of periodic Recommissioning into 
Recommissioning Manual

As stated above, one of the purposes of the com-
missioning documentation is to provide a vehicle 
for operations and maintenance staff to use when 
recommissioning their building in the future. In 
particular, functional tests are ideal when attempt-
ing to verify that a facility or system is continuing to 
operate as originally installed. Recommissioning, 
or systems, manuals, if set up correctly and used 
consistently, will become the living history of the 
facility and a diary for documenting the operational 
issues, repairs, changes, and updates that occur. 
While the systems manuals contain other documen-
tation (such as the sequence of operations, basis 
of design, abbreviated O&M data with troubleshoot-
ing guides, etc.), the one place where historical and 
evolutionary data will consistently show up is in the 
collection of functional tests forms that are repeat-
edly fi lled out. As systems are upgraded and pos-
sibly changed, other sections may need updating. 
But it is the everyday grind that will be refl ected in 

Figure 8-25 The actual energy cost and usage (as-built) is compared to the revised baseline 
in order to show the actual energy savings resulting from the measurement and verifi cation effort 
for the Pennsylvania DEP Cambria project. Metric units are shown in parentheses. Site energy 
is energy used on-site. Source energy includes the original energy source used to produce the 
electricity and represents combustion and line losses in the production of the electricity. Image 
from http://www.eere.energy.gov/buildings/highperformance/.
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the results of each future functional test. These fu-
ture results become the starting point for any sub-
stantial overhauls or upgrades necessary to keep 
the systems in top operating condition. If performed 
regularly (possibly annually), these tests will help 
maintain performance levels—and largely mitigate 
most catastrophic failures.

C.1.3 Cost Analysis

� Track economic performance of the four key 
subsystems

This is the real opportunity to demonstrate—or learn—
how quality design, long-term ecological health con-
siderations, and diligent maintenance can improve 
the return on investment of projects, as well as inform 
cost-benefi t evaluations for future projects. The fol-
lowing list provides several examples of economic 
performance issues that are useful to track.

� Habitat (biotic systems other than human)

• Difference in site-construction costs due to use 
of topography and biological systems rather 
than hardscape, pipes, and technological so-
lutions for stormwater management

• Property values due to the health of the eco-
system

• Speed of environmental reviews (time to mar-
ket) for zoning approvals and entitlements

• Maintenance costs for meadow grass “lawns”

• Frequency of roof replacement with living roofs

� Habitat (human)

• Productivity studies due to individual control of 
HVAC at workstations

• Absenteeism

• Rate and cost of workmen’s compensation 
claims

Figure 8-26 This graph plots the amount of plug-load energy use during each hour of a typical workday. 
The solid bars represent the actual submetered consumption measured in the facility. Note that about half 
of this load is left running all night. This same phenomenon occurs all weekend as well. The hatched bars 
represent the amount of consumption predicted in the original energy model. The model assumed that the 
equipment would be shut down at night and over the weekends. Image courtesy of Andrew Lau.
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• Health of occupants due to daylighting

• Employee turnover from the implementation of 
many of these strategies

• See BIDS sidebar (at the beginning of Stage 
C.1)

� Water

• Difference in site construction costs due to 
use of topography and biological systems 
rather than hardscape, pipes, and techno-
logical solutions for stormwater manage-
ment

• Reduced fi rst-cost and operating cost for natu-
ral systems waste treatment, such as construct-
ed wetlands

• Water bills

� Energy

• Energy costs for thermal comfort

• Energy costs for nonregulated, process energy 
loads

• Maintenance frequency related to energy sav-
ings and equipment service life

• Reduced lighting costs due to daylighting

• Energy bills

• Continued functionality of building control sys-
tems

• Operational procedures to address energy use

� Materials

• Maintenance costs

• Replacement costs (related to service life)

• Cost of maintainability

C.1.4 Schedule and Next Steps

For the “completed” project: Implement all of the above, 
forever.

For the next project: Go back to Stage A.1 and begin 
again!
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Epilogue—
Evolving the Field

Synergy is the only word in our language that 
means behavior of whole systems unpredicted 
by the separately observed behaviors of any of 
the system’s separate parts or any subassembly 
of the system’s parts. There is nothing in the 
chemistry of a toenail that predicts the existence 
of a human being.

—R. Buckminster Fuller, from Operating Manual for 
Spaceship Earth, New York: E.P. Dutton & Co., 1963. Text 

available at: http://bfi.org/node/422 ©2005–7 by the 
Buckminster Fuller Institute (accessed December 2008)

The deeper we look into nature, the more we 
recognize that it is full of life, and the more 
profoundly we know that all life is a secret and 
that we are united with all life that is in nature. 
Man can no longer live for himself alone. We 
realize that all life is valuable, and that we are 
united to all this life. From this knowledge comes 
our spiritual relationship to the universe.

—Albert Schweitzer, from The Spiritual Life (1947)

The way to solve conflict between human values 
and technological needs is not to run away 
from technology. That’s impossible. The way 
to resolve the conflict is to break down the 
barriers of dualistic thought that prevent a real 
understanding of what technology is—not an 
exploitation of nature, but a fusion of nature and 
the human spirit into a new kind of creation that 
transcends both.

—Robert Pirsig, from his exploration of quality in Zen and 
the Art of Motorcycle Maintenance, London: Bodley Head 

(1974)

A man is never the same for long. He is 
continually changing. He seldom remains the 
same even for half an hour . . . . 

—George Gurdjieff, spiritual teacher, quoted by his student 
P. D. Ouspensky in In Search of the Miraculous: Fragments 
of an Unknown Teaching, New York: Harcourt, Brace (1949)



A TRANSFORMATIONAL PROCESS

T
he bottom line is that we need to change the fi eld 
of development. In the bigger picture we need to 
change the way that human beings inhabit the plan-

et. The good news is that our experience has taught us 
that the process of integration is by nature a transfor-
mational process. Recently we went back through our 
work history to identify those projects that were truly 
successful—that is, those that achieved higher-order 
sustainability goals on time and in budget. The num-
ber was low: maybe around 10 percent. Looking for a 
common denominator to the success of these projects, 
we were surprised at how clearly visible it was: fi rst, 
we realized that we had become good friends with the 
clients and team members that had achieved the high-
est levels of success. Then we noticed that every one 
of these successful projects included a principal team 
member who was undergoing a personal process of 
transformation. From Alcoholics Anonymous to mar-
riage counseling to spiritual work, some transforma-
tional process was occurring independently, in parts of 
their lives not directly connected with the project.

Refl ecting on this, we realized that to be success-
ful in this work, we have to change—transform. This 
change cannot be achieved superfi cially, by just alter-
ing our actions. That level of change never holds and 
is not deep enough; success comes from a more per-
vasive process of change. Each of us must change our 
self, our way of seeing the world, and our beliefs—our 
mind-set. This change is both something that we have 
to will ourselves to do and something that we must al-
low to happen. The evolution of consciousness is, after 
all, instrumental to the evolution of our practice and 
our fi eld—and, in the bigger picture, instrumental to 
the evolution of life on Earth.

Folks that have had the experience of working 
with an integrative process on their projects consis-

tently tell us that their understanding and values shift-
ed during the process. More specifi cally, their internal 
world somehow aligned with their vocation, their val-
ues reconciled with how they earned their living, and 
they experienced something powerful. Ray Anderson 
(founder and former CEO of Interface Inc.), for ex-
ample, explains this kind of shift in perspective as “do-
ing well by doing good.” Our partner Andy Lau refers 
to this by using the Buddhist concept of “right liveli-
hood,” borrowing from the Noble Eightfold Path. One 
of our clients described this experience as follows:

Some esoteric chemistry took place with the 
team’s willingness to explore new solutions 
without having to know the answers…My 
life changed—not immediately, but it was 
a transformative process over time . . . . We 
established performance criteria, but we didn’t 
try to tell anyone how to achieve those goals . . . . 
It became more than a job—it became a personal 
passion . . . and this from a career bureaucrat?!?

—Jim Toothaker, Pennsylvania Department of 
Environmental Protection

We like to think about this transformational pro-
cess in the following way:

To do different things, we need to do things dif-
ferently.

To do things differently, we need to think about 
them differently.

To think differently, we need to become different.

The conventional wisdom of our time teaches 
that if we want to work to save the environment (to 
do different things), the best thing that we can do is 
to separate humans from nature—to leave it alone (to 
do things differently). Throughout this book, though, 
we have sought to illuminate what we believe to be the 
most fundamental human imperative: the need for 
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integrating humans with nature—for understanding 
their interrelationships (to think differently). While 
reading the previous chapters, you may have asked the 
question: where do we stop integrating? We suggest 
that our integration work is not over until we have 
become a part of nature, until nature is not seen or 
thought about as something separate, until we become 
whole again (become different).

SHIFTING THE PARADIGM

Pioneering environmental scientist and systems ana-
lyst Donella Meadows explains in her article “Leverage 
Points: Places to Intervene in a System,”* that the fast-
est way to change a system (e.g., a person, a profes-
sion, a society, an ecosystem) occurs by changing your 
mental model—shifting the paradigm. She proposes 
twelve leverage points for intervening in a system 

and ranks changing “the mindset or paradigm out of 

which the system arises” second only to “the power to 

transcend paradigms” as the most effective. She writes: 

“You could say paradigms are harder to change than 

anything else about a system, and therefore this item 

should be lowest on the list, not second-to-highest. 

But there’s nothing physical or expensive or even slow 

about paradigm change. In a single individual it can 

happen in a millisecond. All it takes is a click in the 

mind, a falling of scales from eyes, a new way of see-

ing. Whole societies are another matter. They resist 

challenges to their paradigm harder than they resist 

anything else.”

Over time, as we have watched people progress 

through different levels of capability with respect to 

Figure 9-1 The project team leader on the Pennsylvania Department of Environmental Protection Cambria project, Jim Toothaker, says that working on 
this project changed his life. Image ©2000 Jim Schafer.

*Donella H. Meadows, “Leverage Points: Places to Intervene in a Sys-
tem,” ©1999 by the Sustainability Institute and available on the web 
at http://www.sustainabilityinstitute.org/pubs/Leverage_Points.pdf 
(accessed December 2008).
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this way of working and looking for leverage points, 
we have realized that there is a difference between 
wanting something good to happen and having the 
capability to make that good thing come into being. It 
is not enough to simply believe that we should save the 
planet—we also must commit to understanding what 
that means in each particular place, with each particu-
lar project. The nature of this process, therefore, is in-
herently developmental. As we iterate between creating 
goals for integration and developing the type of think-
ing required to achieve that integration, our paradigm 
begins to shift.

Mark Biedron of the Willow School describes a 
moment at the conception of that project where his 
paradigm shifted. When he and his wife, Gretchen, 
started the school, paramount among their founding 
concepts was the idea of Core Virtues. The program’s 
goal was to develop ethical relationships between hu-
mans through a values-based curriculum that focused 
on the virtues of responsibility, honesty, respect, and 
compassion. Also important to its founders was that 
the school be environmentally sustainable.

It was not long after we began working with the 
Willow School that the idea of humans being a part of 
nature clicked into place with Mark and Gretchen. As 
Mark describes it, he realized that if we are in fact a part 
of nature, how can we mentor an ethical relationship 
between individual humans without also mentoring 
an ethical relationship between humans and nature? 
Not fully understanding what this meant but knowing 
with certainty that it was important, Mark set about the 
process of discovering what doing that might look like. 
Pursuing the goal of environmental sustainability trig-
gered a paradigm shift that ultimately led to a higher-
order understanding of what it meant to be successful 
at achieving the project’s goals for education.

When all was said and done, the Willow School 
ended up with not only a highly sustainable solution 
to the design of the campus and its buildings but also 

an integrated curriculum that engages students in de-
veloping an understanding of how the school itself 
works with nature. The school’s integrated design 
becomes the subject matter for student exercises in 
various subjects. Students draw pictures of the com-
ponents of the school’s water-cycling system—from 
toilets to rooftop harvesting to wetlands—in art class. 
They write descriptions of these same systems in lan-
guage arts class, calculate water savings in math class, 
study the working of the campus wetlands system for 
science class, and overall engage in activities aimed 
at establishing greater and more healthy diversity in 
the forest. This achievement was the direct product of 
Mark’s and others’ efforts to expand the philosophi-
cal framework, or paradigm, of what constitutes Core 
Virtues to include not only human relationships but 
also the larger systemic interrelationships between hu-
mans and nature.

We are only beginning to explore the potential for 
transformation. As we shift our mental model from 
stopping the damage to one where humans are an inte-
gral part of nature, we also shift our consciousness. As 
we begin to participate with nature, we discover that 
humans working with healing nature will ultimately 
heal and grow themselves as well. This transformation 
does not happen overnight, but it is rather a continu-
ous process of healing or making whole*—wholing.

When we work to stop the damage, we must make 
a constant investment of energy to just break even—
like paddling water out of a rowboat with a hole in the 
bottom. Partnering with nature, conversely, is hugely 
inspiring and actually creates energy, because we are 
investing our effort into a living system that is capable 
of its own growth and evolution. Imagine those cit-

*The etymology of “heal” traces its roots to the Proto-Germanic 
khailaz, meaning “to make whole,” which is the source of the Old Eng-
lish haelan, meaning “make whole, sound, and well.” (Source: Online 
Etymology Dictionary at www.etymonline.com; accessed December 
2008.)
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ies and municipalities that are trying to stop damage 
by organizing cleanup efforts to clear litter and debris 
from barren roadsides and medians. Now imagine 
investing that effort into replanting guilds of native 
trees and shrubs that had once grown there. When the 
growth begins to take hold and the fl ourishing eco-
system begins to attract species of native fauna, then 
entirely new plants grow in its understory that were 
seeded by the droppings of the returning bird and 
animal populations, do you think that passersby will 
be more or less inclined to toss their garbage onto the 
ground in these places?

Imagine that you own a piece of forested land. 
Imagine that you begin to devote meaningful time to 
understanding how this forest works, seeking to form a 
deeper relationship with the land. You may do some re-
search to learn which plants in the forest tend to cluster 
together and how nutrients are exchanged throughout 
the biotic community. Maybe one day you will stum-
ble across a portion of the forest that has been lightly 
grazed by fi re, and maybe the following spring you will 
notice the riot of growth that sprouts on the charcoal-
fertilized ground. Maybe you will begin to understand, 
as many indigenous cultures have, that there are ways 
that you can assist the forest in its own evolution and 
health. You may begin to thin invasive species of plants 
or to practice annual controlled burns to remove 
crowded understory elements while simultaneously 
improving the quality of the soil, helping new seedlings 
to fl ourish on the forest fl oor. You understand how to 
do this not because you have mastered or conquered 
nature, but because you are nature—your mind and 
muscle were shaped by the same metaprocesses that 
created our planet and its many forests, its deserts, its 
mountains and oceans and rivers. Your understanding 
of the forest stems from your relationship with it and 
evolves as the relationship grows.

It is this relationship that feeds and nourishes us, if 
only we work to reform it. It does not matter if you live 

in a rural area or an urban center, if you are looking at 
an already-healthy piece of land or one that has been 
assaulted and degraded over time, if you are working 
on the design of a single building or urban planning 
for an entire new or existing city. We are in relationship 
with nature.

Finnish-American architect Eliel Saarinen recog-
nized this relationship when exploring urban planning 
principles. For decades, he looked at the development 
patterns of how medieval towns evolved “to explain 
the physical order of the urban community much in 
the same manner as one understands organic order in 
any living organism.”* He looked at medieval towns 
and wrote in his treatise on town-building, published 
in 1943, that visitors to these towns “invariably ter-
minate their visit refreshed in mind and enlivened 
in spirit.”* Making the same case for visitors to most 
modern cities would be extremely diffi cult. Saarinen 
argues that this is because contemporary gridiron 
plans result in “three-dimensional form-disorder,” as 
“each new building or three-dimensional element is 
separately and randomly placed on the preconceived 
pattern of a fabricated, fl at, spiritless scheme.”* By 
contrast, as we saw in Chapter 1, pre-industrial master 
builders worked in cooperation with natural patterns. 
Saarinen explains it this way:

No preconceived design pattern was imposed 
upon the town, but its formation emerged 
indigenously from local conditions of life and 
from topographical circumstances. This was 
perfectly in accord with the laws of nature. 
. . . The medieval town builder, just as life 
manifestations in nature, sensed intuitively the 
fundamental principles that govern things in all 
creation.*

*Saarinen, Eliel. Search for Form: A Fundamental Approach to Art, New 
York: Reinhold Publishing Corp, 1948, pp. x, 49, 44, 25, respectively.
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As evidence of this, Saarinen asks us to compare 

medieval town plans with the cell fabric of organic 

life. He compares a microscopic image of healthy cell 

tissue to the town plans of Noerdlingen (Germany), 

Carcassonne (France), Udine (Italy), and others. 

The similarity in character is remarkable—especially 

given that the existence of cells was unknown to the 

medieval town builder. In another case, he asks us to 

compare a cross section through the human sartorius 

muscle with the town plan of Malines, Belgium (see 

Figure 9-2). So what is it that Saarinen is trying to tell 

us? He is explicit:

The three faculties of apprehension (intuition, 

instinct, and imagination) are the most precious 

gifts bestowed upon man . . . through these—and 

only these—man is able to penetrate the mysteries 

of nature. Increasing knowledge about these 

mysteries is not the essential thing . . . increasing 

sensitiveness to these mysteries by means of 

intuition, instinct, and imagination is the essential 

thing in the search. (Saarinen’s italics)*

Intuition. Instinct. Imagination. These are the es-
sential things in a transformative and developmental 
process, not knowledge alone. Integrating ourselves 
and our living patterns into the fabric of life in each 
unique place with increasing sensitiveness, is the next 
big step toward realizing the possibilities of integrative 
design—engaging the process of becoming one with 
all life. From the perspective of western thinking, this 
synergy requires a big leap. This leap can be encour-
aged and supported by an intentional developmental 
process, one aimed at shifting the paradigm from only 
collecting data, or knowledge, to understanding the 
mutually supportive interrelationships of the whole 
for the purpose of healing—or again, wholing. This 
requires all participants to engage in an integrative 
design process by intentionally exploring and discov-
ering their relationship with each place—a paradigm 
shift into the right hemisphere of the brain.

A paradigm shift, as Meadows points out, is the 
most effective leverage point, or step toward allowing 
us to see new possibilities for higher-order success; 
but to realize that success, we must engage in a con-
stant process of developing understanding through 
both knowledge and increasing sensitiveness. What we 
lost when we destroyed our indigenous cultures and 
dismantled the system that our master builders and 
medieval town planners functioned within was our 
understanding of place. When we build on a site us-
ing a conventional process, we take inventory of “what 
the place is like” by collecting data or accumulating 
knowledge about it. But there is a critical distinction 
between knowing the facts and fi gures of a place and 
developing an understanding of how a place works and 
has evolved as a whole system. Data-fi lled reports on 
soil, hydrology, habitat, and social statistics alone are 
not suffi cient to understand patterns of life. In other 

*Saarinen, Eliel. The City: Its Growth, Its Decay, Its Future, New York: 
Reinhold Publishing Corp., 1943, p. 71.

Figure 9-2 The pattern of human musculature depicted in the image on 
the left refl ects a constructional similarity with the fi gure-ground plan of 
a medieval town on the left—both the result of organic growth formation. 
Image courtesy of Jenn Biggs; derived from an idea described by Eliel 
Saarinen in his writings on urban planning.
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words, more than learning just the what of the place, 
we need to understand the who of the place.

Imagine for a moment a close friend of yours. If 
someone asked what your friend was like, you could 
respond by saying that she is fi ve-foot fi ve, weighs 130 
pounds, has blue eyes and brown hair, and wears green 
a lot. This would provide some knowledge of your 
friend—but no understanding of her, of who she is. 
In order to understand who your friend is, you would 
have to explain the way she is in terms of her relation-
ships: how she interacts with you, what types of people 
she has dated, what her family is like, how her career 
has progressed. Only after you describe these patterns 
of relationships would the asker experience deeper 
understanding. As a result, if the asker ever did end 
up meeting your friend, he or she would have some 

understanding of how to better engage your friend to 
develop their own relationship.

Similarly, each place has a unique identity that can 
only be understood by those who can either directly or 
indirectly (through stories, for example) experience the 
different patterns of relationships that make it what it is. 
Shifting and expanding our paradigm to fi nding ways 
that contribute to the health of natural systems is only 
part of the work that must be done; but it provides the 
motivation to develop a deeper and deeper understand-
ing of how to develop that contributory relationship. 
Efforts to save the world fl ounder for many reasons, 
and the main reason is that you cannot create a positive 
impact on something that you are not in relationship 
with. To integrate ourselves with nature, we must work 
on our relationship with it, in each unique place.

A Story of Place™—Developing a History of “Who” This Place Is …
By David Leventhal

Early on in the design process for Playa Viva, when 
we brought in Regenesis, we started to work on a 
process of understanding the history or “Story of 
Place.”™ for the selected site in Mexico. This was a 
new concept and term for our team, and we really 
did not understand the deep work that was involved 
and the value of the results to the overall design pro-
cess. We started the work on the history with a set of 
interviews with town elders. This was done by invit-
ing them into the home of one of the town leaders 
and speaking with them frankly about their hopes 
and aspirations for the town. We spoke of the “good 
old times,” of what the town was like, and of how life 
was different back then. We also spoke of how life 
has changed over time, change that resulted from 
the construction of new highways in the 1940s and 
1950s, changes due to migration patterns to “el 

norte,” et cetera. They took us into their homes and 

showed us clay fi gurines that they had found in their 

backyards, artifacts from their ancestors connecting 

them to a noble pre-Hispanic past.

Through the interview process, we learned that the 

town had moved over time to where it is today as a 

result of fl ooding from the nearby Juluchuca River. 

We learned that the men used to work in the estuary 

“farming” salt, working together as a community, not 

as individuals competing against each other as they 

do today. We heard from them how they wanted 

to retain many of their old customs and the hard-

ships experienced in passing these rituals along to 

the youngest generation. Their aspirations were to 

bring back good jobs to their town in order to keep 

their young at home and their families together. 

(continued)
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They remembered a time when things were more 
abundant, especially wildlife. This theme of the 
memory of the abundance of natural systems was 
striking to us all.

As part of the work on history of place, we also 
brought in an archaeologist and worked uncovering 
more detailed information about the pre-Hispanic 
history of this particular place. We found records, 
Aztec records of tribute showing that cotton and 
fabrics, cacao, and salt were all important tributes 
from this area. As a result, when we brought in the 
permaculture team to work on restoring and regen-
erating the land, we wanted to bring back cotton and 
cacao. We searched and eventually found a virgin 
forest nearby that had fortunately not become a vic-
tim of the massive slash-and-burn agricultural initia-
tives of the early 1900s that had resulted in destroy-
ing coastal forests and creating massive coconut 
palm plantations, such as the land upon which Playa 
Viva is located. As a result, we were able to bring 
back many native species and even found a native 
cacao. We have started the process of regeneration 
with the goal of bringing back some of the abun-
dance of nature that once abounded in this area.

As part of the story of place, the team walked the 
land, and the members of the team—especially the 
permaculture specialists—identifi ed that the land 
forms seemed, in their words, “unnatural, almost 
man-made.” Further refi nement of the topographical 
maps revealed some surprises. First, several small 
hills in the north part of the property were square in 
form and their contours ran in intervals that were too 
regular. Most importantly, the peaks of two of these 
mounds aligned along a north–south axis. All of this 
was too much of a coincidence for natural forma-
tions. The assumption was that we had an archaeo-
logical site under foot. As a result, we invited the 

Instituto Nacional de Antropología e Historia (INAH, 
or the National Institute of Archaeology and History) 
to come investigate. Sure enough, these mounds 
were agricultural terraces inhabited by the original 
peoples of the town of Xuluchucan, the ancient city 
of Juluchuca. In our meetings with them, the town 
elders told of how the town had migrated about 1.5 
kilometers from the ancient city that now forms the 
archaeological site to its current site.

The importance and amount of attention that our 
consultants placed on the history of the place, while 
frustrating to a team that was not used to this pro-
cess at fi rst, soon became a source of pride for the 
team and began to drive many of the team’s design 
decisions, overall values, aspirations, and purpose 
for the project. What once was a strange term to 
us—Story of Place—is now the core to our under-
standing of how the location should evolve. Our 
understanding of the history and Story of Place had 
evolved. Just as you cannot grow in your relation-
ship with another person until you fully understand 
who they are and where they came from, you cannot 
understand what a place will become, and your role 
as a developer in that evolution, until you know from 
“what” the place evolved.

We recently met with the governor of the Mexican 
State of Guererro (where Playa Viva is located) to 
see how we could work together with the governor in 
promoting sustainable tourism and projects similar 
to Playa Viva. The Governor saw sustainable tour-
ism as part of the future of the state (tourism is one 
of the top three contributors to Mexico’s gross do-
mestic product [GDP] and number one in states like 
Guerrero that do not have oil revenues). He asked 
us how he could help us, and we settled on the 
State of Guererro assisting by building the road from 
the main highway to Playa Viva.
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(continued)

Figure 9-3 This topographic map of the Playa Viva site exhibits evidence of prior settlements in the area. Notice the evenly and closely spaced 
contour lines with corners indicating what could be a former terrace farming system or a pyramidlike structure. Image courtesy of David Leventhal, 
Playa Viva, http://www.PlayaViva.com.
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The governor, accustomed to working with more 
traditional developers, expected the road to be cut 
through the shortest path from the highway to our 
development. The current road into Playa Viva is ac-
tually the ancient road used by pre-Hispanics, as they 
traveled up and down the coasts. As mentioned, the 
town had moved about 1.5 kilometers further down 
this road from the entrance to Playa Viva and the ar-
chaeological site. We could either cut a road directly 
north, the shortest route to connect to the highway 
and bypass the town, or we could pave the existing 
dirt road that connected the town to Playa Viva, even 
though it was a longer route and would divert tour-
ists through the town. The traditional resort developer 
would not want to “dirty” the entrance to their project 
by winding through the town; but for us this was not 

only a way of maintaining our authenticity, this con-
nection was core to our values for the project, values 
that evolved from the process of learning our story.

Through the process of our deep work with the team 
and of working with the history of this place, we be-
gan to understand the deeper meaning and connec-
tion that existed: Playa Viva represented a connection 
between the old city of Xuluchucan, the archaeologi-
cal site, and the new town of Juluchuca. We, Playa 
Viva, were the cultural bridge between what was and 
what could be for this small town of 500 people. We 
helped these humble people connect to the most 
deeply held values of their noble past and the abun-
dance of place. The road had to be built between 
Playa Viva and Juluchuca; it would not bypass the 

Figure 9-4 A predevelopment view of the Playa Viva site. Image courtesy of David Leven-
thal, Playa Viva, http://www.PlayaViva.com.

Figure 9-5 An archaeological dig at Playa Viva 
uncovers a large pot from the prior inhabitants of 
the site. Image courtesy of David Leventhal, Playa 
Viva, http://www.PlayaViva.com.
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town. Our entrance had to include a museum to the 
archaeological site of Xuluchucan, and we had to in-
clude the townspeople’s private collection of artifacts, 
providing them with a place to honor their past while 
creating a place that provides pride in their future.

The work with Regenesis on the history and Story of 
Place took a signifi cant amount of time, energy, and 
effort, over and above what would normally be part 
of a development project. But the results provide us 
with a better understanding of where we come from 
and how place naturally evolves. What you read 
above is only part of the process covering a small 
part of the land, but it is integral to how working this 
way provided a better result even if it meant going 
slower and spending more resources.

In addition to the road, our permaculture team has 
begun restoring the old agricultural terraces of 

the archaeological site. The land contours formed 
over a thousand years ago were easy to uncover, 
trace, and rebuild. We have created a nursery with 
over forty-thousand plants and trees, mostly na-
tive, brought in from one of the few remaining virgin 
coastal forests, and we are slowly restoring and 
regenerating the land. We have cleared away many 
invasive species brought in by cattle, and we are 
working to allow the natural vegetation to take root. 
The permaculture team is most proud of its work 
resulting in restoration of the mangroves along the 
edge of the estuary. The work of regeneration will 
take a long time; but in this tropical environment, 
nature is extremely resilient and rapidly renews 
itself. We are already seeing the fruits of our labor 
pay off with more abundance. The abundance that 
the town elders spoke about so fondly is coming 
back to Playa Viva.

THE FIFTH SYSTEM

When a deep connectivity or relationship is clearly 
felt, it can be transformative. Within this context, we 
can revisit our four key elements or subsystems—
habitat (both human and other biotic systems), wa-
ter, energy, and materials—and now identify a fi fth 
(from eastern traditions): the system of human con-
sciousness. As we continually seek to rediscover our 
role in relationship to the systems of life, we embark 
on a collective shift in consciousness, a consciousness 
that also must be nurtured and developed. Each of us 
must fi nd our own discipline for doing this develop-
mental work, for fi nding the internal leverage point 
that will shift our consciousness to become integral 
with the whole.

Donella Meadows cautions us that “magical lever-
age points are not easily accessible, even if we know 
where they are and which direction to push them. 
There are no cheap tricks to mastery. You have to work 
at it, whether that means rigorously analyzing a sys-
tem or rigorously casting off your own paradigms and 
throwing yourself into the humility of Not Knowing.”

We do not know what this shift in consciousness 
will look like for ourelves or our culture. But we see 
examples of integrated consciousness in cultures, past 
and present. Almost every religious tradition—and 
even quantum mechanics—points toward a trajec-
tory of oneness, unity, and the whole. The paradigm 
has shifted in the same direction within the scientifi c 
community as well. Systems theorist and scientist, 
Ervin Laszlo quotes Marco Bischof in Science and the 



386 E P I L O G U E — E V O L V I N G  T H E  F I E L D

*Ervin Laszlo, Science and the Akashic Field: An Integral Theory of Every-
thing (Rochester, Vt.: Inner Traditions, 2004).

Figure 9-6 On the left is a stained slice of a mouse’s brain showing the 
brain’s neurons and how they connect, created by Mark Miller, a student 
at Brandeis University. And a strikingly similar structure is seen in the 
image on the right, of a computer-simulated universe created by the Virgo 
Consortium for Cosmological Supercomputer Simulations. Image on left 
courtesy of Mark N. Miller, Biology Dept., Brandeis University. Image on 
right courtesy of Max-Planck-Institute for Astrophysics, Garching, Germany.

Akashic Field on this point: “Quantum mechanics has 
established the primacy of the inseparable whole. For 
this reason, the basis of the new biophysics must be 
the insight into the fundamental interconnectedness 
within the organism as well as between organisms, and 
that of the organism with the environment” (Bischof ’s 
italics).”*

Every project we work on can be an opportunity to 
expand our collective understanding and insights into 
this fundamental interconnectedness by deepening our 
relationships—all relationships. What then is the deliv-
erable for a project? Certainly the stuff is important—
the research reports, analysis outputs, drawings, physi-
cal buildings, and so on. But equally critical is the deep-
ening of our understanding about how we are healing 
ourselves and the places we are working. In fact, it can 
be through the places we are working that we deepen our 
understanding of the interrelationships that make up 
the whole. By employing our intuition and instinct, not 
just our intellect, we move into a process of developing 
both our internal and external worlds for the purpose 
of becoming whole—in other words, nurturing, shift-
ing, and expanding our consciousness. There are many 
approaches and methodologies we can employ for this 
developmental process, but the most important step is 
that we begin by exercising the will and intention to do 
so—by choosing to move beyond our current paradigm 
and by asking questions that will help us discover new 
and increasing levels of integration.

Integrating this type of consciousness-shifting de-
velopmental process into the activities associated with 
design and development means asking continually 
more penetrating questions. The question that keeps 
coming up, the one that we invite you to ask, is this:

Where do we stop integrating?
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process along the same timeline. Image courtesy of 7group and Bill Reed, graphics by Corey Johnston.



Figure C-3 The exterior of this 
building in the northeast U.S. 
appears to be well constructed; 
however, upon further inspection, 
the thermal envelope has failed 
where the exterior walls meet the 
roof. In this case, the attic space 
above the ceiling (inside the ther-
mal envelope) has been as cold 
as 36°F during winter months. 
The infrared images depicted in 
Figures C-4 through C-6 reveal 
thermal bridging conditions, 
problems that are common due 
to lack of proper envelope detail-
ing and/or installation during 
construction. The commissioning 
process can help project teams 
avoid such problems. Image 
courtesy of Brian Toevs.
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Figure C-2 Color version of Figure 5-3 diagramming the interrelationships and 
interactions between disciplines in the integrative process. Image courtesy of 
7group and Bill Reed, graphics by Corey Johnston.



Figure C-5 Same building as that depicted in Figure 
C-4 with image taken from the exterior. The ambient 
temperature was 6°F. As the temperature scale indi-
cates, the areas in red are locations where the thermal 
envelope has failed to perform. The window is reflecting 
the temperature of the night sky, and it appears that 
the wall around the window is indicating a reflection as 
well. Image courtesy of Brian Toevs.

Figure C-4 Infrared image taken from inside the attic 
of a building in Pennsylvania during the winter. This 
image of the building’s gable end shows the failure of 
the thermal envelope at the roof–wall connection. The 
wall construction consists of concrete block, 3 rigid 
insulation, and brick veneer. The roof construction is 
corrugated metal decking with two layers of polyisocy-
anurate roof insulation and standing seam metal roofing. 
The roof overhangs the wall with soffits, and the build-
ing has no insulation between the attic and occupied 
spaces. Image courtesy of Brian Toevs.

Figure C-6 The red areas indicate thermal envelope 
failure once again. The area beyond the building is the 
night sky. The sky always shows up as extremely cold in 
infrared photos. The blue band on the building is a band 
of glossy brick, reflecting the ambient temperature. Im-
age courtesy of Brian Toevs.



Figure C-8 Due to the failure of the thermal 
envelope at the roof-wall connection, the 
cavity above this ceiling is just above freez-
ing, as indicated in this infrared image. The 
ceiling is insulated with 2 x 4 x 6 fiberglass 
batt insulation located over each ceiling tile. 
This building is heated with ground source 
heat pumps that were sized for a much more 
thermally robust envelope. Because of this, 
the heating system is not able to maintain 
temperature above the ceiling, and the 
cold ceiling space then transmits negative 
thermal effects to occupied spaces. Image 
courtesy of Brian Toevs.

Figure C-7 Poor construction practices 
often cause thermal envelope failure; for 
example, the gaps depicted in this im-
age will allow air to pass freely between 
the interior and exterior. Such envelope 
failures can be avoided by including 
envelope commissioning in a project’s 
scope of commissioning services. Im-
age courtesy of Brian Toevs.

Figure C-9 This infrared image (taken during the 
winter in the northeast U.S.) depicts a closet at the 
corner of an exterior wall. The closet’s concrete 
block partition terminates just above the ceil-
ing. The blue areas indicate the cold attic air (see 
Figure C-8) dropping down into the open cores of 
these block partitions. The owner has insulated the 
ceiling with 2 x 4 x 6 fiberglass batt insulation sec-
tions, located over each ceiling tile. Note that the 
suspended ceiling’s metal T-grid indicates some 
thermal transfer from the cold attic space as well. 
Image courtesy of Brian Toevs.



Figure C-10 In this image, the roof of a 
building in the northeast United States is 
insulated with two layers of polyisocyanurate 
insulation. The blue stripes indicate areas 
where the roof decking is colder. It appears 
that these stripes are located at joints 
between the lower layer of roof insulation 
panels. The temperature difference indicates 
thermal bridging between the metal decking 
and the bottom surface of the upper layer of 
insulation. Image courtesy of Brian Toevs.

Figure C-11 During a commissioning site visitation, the building shell installation detailing was reviewed and photo-
graphed. In this case, the roofing membrane was wrapped up the stud wall as required by the architectural specifications. 
Unfortunately, the installer had the wall drainage plane lapped under the roofing and not over. Notice that there also is 
no tape placed over the lap joint. Had this not been found, storm water could have drained into the building over a large 
atrium, saturating the fiberglass batt insulation installed in the stud wall cavity. The installers removed the wall board 
around the entire perimeter of this clerestory wall to properly reinstall this detail. Image courtesy of Brian Toevs.



Figure C-12 Chicago’s City Hall was renovated with an extensive vegetated roof garden, completed in 
2001, that covers more than 20,000 square feet of roof area. Effects associated with this vegetated roof de-
creased annual utility bills by $5,000. Image © Conservation Design Forum, Elmhurst, IL, www.cdfinc.com.



Figure C-13 This vegetated roof on the Peggy Notebaert Nature Museum creates a beautiful landscape in Lin-
coln Park, Chicago. Design guidelines for green roofs can be found at www.naturemuseum.org/greenroof/plan-
ningaroof.html (accessed January 2009). Image © Conservation Design Forum, Elmhurst, IL, www.cdfinc.com.



Figure C-14 Water passes through the roof scupper at the rear of the Peggy Notebaert Nature Museum, contrib-
uting artfully to the beauty of the project’s cliff wall and educational garden. Image © Conservation Design Forum, 
Elmhurst, IL, www.cdfinc.com.



3 Figure C-15 The Chartwell School in Seaside, 
California, achieved LEED® Platinum certification 
at a construction cost that was 11% lower than the 
average cost of all California schools constructed in 
the same year (2006) by implementing integrative 
design. (Architect: EHDD Architecture) Image © 
Michael David Rose Photography.

5 Figure C-16 The front walk leading to the Willow 
School’s entrance in Gladstone, New Jersey, passes 
through native vegetation—a portion of the site’s 34-
acre forest—that serves as an integral component of 
the school’s curriculum, with students participating 
in the project’s ongoing regenerative approach. (Ar-
chitect: Ford Farewell Mills and Gatsch, Architects) 
Image courtesy of Mark Biedron.



Figure C-17 The Pennsylvania Department of Environmental Protection’s Cambria office building in Ebensburg, Pennsyl-
vania, includes south-facing light shelves, rooftop solar panels, and a pair of photovoltaic trackers flanking the entrance 
walk. (Architect: Kulp Boecker Architects) Image © Jim Schafer.



� Figure C-18 The Pennsylvania Department of Environ-
mental Protection’s Southeast Regional Office Building (DEP 
SEROB) in urban Norristown, Pennsylvania, houses more 
than 300 employees and incorporated Norristown’s former 
train station, a 1931 Art Deco Historic Landmark building 
(on the right). This project provided both contextual remedy 
along Main Street and served as a stimulus for generating 
revitalization of this downtown district. (Architect: L. Robert 
Kimball & Associates) Image © Jim Schafer.

3 Figure C-19 Open office spaces on the interior of the DEP 
SEROB project (depicted in Figure C-18) surround a four-
story atrium that gathers daylight for these office spaces and 
contains a 5,000-gallon rainwater harvesting cistern. Image 
© Jim Schafer.



� Figure C-20 The Select Medi-
cal Health Education Pavilion at 
the Harrisburg Area Community 
College in Harrisburg, Pennsylva-
nia, utilized an integrative design 
process to maximize daylighting, 
minimize energy consumption, 
and achieve the owner’s high 
performance goals. (Architect: 
L. Robert Kimball & Associates) 
Image © Jim Schafer.

2 Figure C-21 The library at the 
Associated Mennonite Biblical 
Seminary demonstrates excellent 
daylighting strategies. (Architect: 
The Troyer Group) Image courtesy 
of DJ Construction.



Figure C-22 The Lillis Business Complex at the University of Oregon creates a bridge between the older business 
buildings while providing daylight to lecture rooms and interior spaces via glazing with integrated photovoltaic cells 
embedded in the central atrium’s glass. (Architect: SRG Partnership) Image © Lara Swimmer.



Figure C-24 The Alberici Corporate Headquarters started out as a former manufacturing facility adjacent to a three-story brick office building. Af-
ter renovation, the complex was transformed into two floors of offices configured with mezzanines that provide all 300 employees with daylight and 
views, and it became one of the first ten Platinum LEED® certified buildings in the world. It also was one of the AIA COTE Top Ten Green Projects 
in 2006. The project includes a wind turbine that produces 20% of the building’s annual electrical demand. The company’s human resources de-
partment reported a 50% reduction in employee sick days during the first year of occupancy in the new headquarters. (Architect: Mackey Mitchell 
Architects) Image courtesy of The Alberici Corporate Headquarters project, Jennifer Franko and the USGBC. 

Figure C-23 Coupled with 
multiple daylighting strate-
gies, integrated photovoltaic 
cells—clearly visible from the 
inside of the Lillis Business 
Complex—generate on-site 
renewable energy, allowing 
the Business School to sell 
excess power back to the util-
ity company at a profit. Image 
courtesy of Terri Meyer Boake, 
University of Waterloo.



Figure C-25 A large outdoor courtyard between the Alberici Headquarters office building and adjacent parking garage provides a relaxing 
space for employees to enjoy while complementing the walking trails and a boardwalk that run along the property. Image courtesy of The 
Alberici Corporate Headquarters project, Jennifer Franko and the USGBC.



3 Figure C-27 The Water + Life Museums’ 
drought-tolerant landscaping is supported by a 
drip-irrigation system supplied by gray water. 
Plant species selections were based upon fossils 
discovered during the excavation, accented with 
rocks and boulders left over from this excavation. 
This landscape flourishes despite the project’s 
harsh desert environment, where triple-digit summer 
temperatures are common, yet water can freeze in 
winter. Image courtesy of Tom Lamb.

� Figure C-26 Located 300 feet below the eastern 
dam of the Diamond Valley Lake Reservoir in Hemet, 
California—the largest earthworks project in the 
U.S.—the Water + Life Museums complex is the 
world’s first LEED® Platinum museum. It houses a 
significant collection of fossils and Native American 
artifacts that were unearthed during the reservoir’s 
massive dig, as well as a Water Education Center 
that teaches visitors about water issues in Southern 
California and the importance of water’s impact on 
the rest of the world. A 540-kilowatt photovoltaic 
array covers 50,000 square feet atop nearly the 
entire complex, generating nearly 70% of the project’s 
electricity needs. (Architect: Lehrer Architects) 
Image courtesy of Benny Chan/Fotoworks.
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