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esidential green building has been evolving for several decades,

reaching its first level of maturity with the development of building

certification programs. As these programs move into their second
and third generations of development, we believe the time has come for
a comprehensive text that specifically addresses green building principles
as they apply to single-family homes. In the marketplace, green building
has experienced steady growth, with wider acceptance in some markets
than others. In 2005, green building was a small, burgeoning market,
comprising approximately 2% of commercial and residential construction.’
This percentage represented a total value of $10 billion ($3 billion for resi-
dential and $7 billion for commercial). By 2013, McGraw-Hill Construction
estimates the overall green building market may reach between $96 and
$140 billion for residential and commercial buildings. The recent financial
crisis has significantly reduced the pace of new construction, but green
building continues to increase its share of the market.

The current state of residential green building as a distinct discipline is
primarily limited to training and designation offered by professional orga-
nizations and to certification of individual buildings. Limited college and
post-graduate level training is currently availlable in sustainable residential

construction. We hope that Green Building: Principles and Practices in Residen-

tial Construction will provide a foundation for future programs on the subject.

Preface

Introduction




About the Covert

The cover photo is from the Glenwood Park com-
munity in Atlanta, Georgia. Glenwood Park is an
entire community built with green building prin-
ciples. Each residence adheres to the EarthCraft
House construction standard developed by South-
face Energy Institute and the Greater Atlanta
Home Builders Association. Additional images of

the community appear in Chapter 3 (Figures 3.8a
and 3.8b). The photo was taken by Abby Smith
(http://www.abbysmithphotography.com).

Approach

We have used our varied experience in building, re-
modeling, building science, and green home eval-
uation to create this comprehensive introductory
text on green homes. Our approach in the book is
to provide an overview of the concepts for green

Section One

Section Two
Section Three
Section Four

ORGANIZATION

Preface

building, followed by detailed methods for incorpo-
rating materials and methods into specific projects
as well as real-world examples of implementation.
Residential green building as a discipline has de-
veloped in the field with little college-level train-
ing available. As students see career opportunities
in residential green building, educational programs
are needed to prepare them for the industry. Most
existing books on the subject are either focused on
commercial construction or target the consumer.
Green Building: Principles and Practices in Resi-
dential Construction is designed to serve students
seeking careers in the residential construction in-
dustry as well as industry professionals.

This book is structured to provide anyone
with an interest in home construction and reno-
vation with a guide to understanding both the
principles and implementation of green build- ,
ing. It gives both beginning and advanced stu-
dents, as well as experienced professionals, use-
ful information that they can incorporate into
their studies and practices.

Section Five
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KEY FEATURES

This book includes many features to assist students as they progress through the chapters:

Green Building: An Overview T .

its importance fror e
We provide a tref history of grean building

Learning Objectives: A clear set of
learning objectives provides an over-
view of the chapter material and can
be used by students to check whether
they have understood and retained im-
portant points.

o definitions of green building,
This chapter explores dé finitions of green

v and construction ndustry

\nd its context within the de:

for the industry. The current

tandards

elped

Vization

and the

i, along with 1

of these specific green building programs are p!
5 0f

+  Define the ENERGY STAR for Homes program

f this chapter, the student should be able to el oI

y Rating
g Describe the Home Energy
‘ celationship to green building programs

Jeakage testing

. n building
D he residential

+ Explain the environmental impacts of¢

Explain blower door and duct
2 whole

- cash flow analysis for
construction indusery as e

Calculate simple payb

- green building improvements

“Green Building Principles” Icons: A
unigue feature of this book are the
“8 Principles” icons that help describe
our core principles of green building.
Located at the beginning of each chap-
ter, these icons serve as a reminder of
what the principles are and present

be the benefits of green building for build

Descri ‘
homeowners, and contractors ‘
. Describe the relationship between green building
programs and building codes

| a building’s total environmental impact D:mums rr:\a"(:;
. aintai
building, renovating, and maini
_ﬁndp es while planning, mainesiniog
Green B““d‘“g P l homi © JONG TETTIT uir v i :l:ln]
pects of our environment—ait quality, health, natura
6 Energy Efficiency

Resource Efficiency pects o

to global warming. ) -
e materials used to construct, remodel, and maint

ity ergy use. These
o eourees, land use, water quality, and encrgy use

ef other as:
decisions may also produce indirect effects on ot f
f our environment, such as factors that contri

ourabilty a|“m\c‘\ll|uvcanIH\PA“‘:‘;:;::r:::::“;::,};:;f:\‘:::z an efficient way to note the specific
Watr Hicieny e :.::d‘dunr;zg"‘ il lhcne Pl green practices covered in a particular
Indoor Envronmertal Quality by ;‘\‘f-hwh‘h‘lrrh[‘-’;il‘ltjllr‘::-‘c.:.ua}ht‘ scmoint ob e chapter.

Reduced Community Impact pollion caused by runcll L L e mpacs e

Green building strives to re

| Homeowner Education and Maintenance

i Development
ﬁ Sustainable Site

DO

Energy Generation and Use

{0
| buildings consume approxima o ofth
s W 1 the United States for heating, cooling

ely 22% of the
energy produced i

green bullding an envird

constructed, and opeca FROM EXPERIENCE

impacts.
What Is a Not So Big House?

pefining Green Building
We lefine green building as a set of design, construction,

ce: mize
and maintenance techniques and practices that mini

Sarah Susanka, FAIA. I first coined the term
“not so big" in my 1998 book, The Not Se
Big House, in an attempt to help describe
an alternative to our ever-inggeasing house
size. T wanted to make people aware that size
has almost nothing to do with the qualities
of home that most homeowners are seeking
when they build or remodel. 1 point out to my readers that a smaller but
What 1 knew as a residential architect better designed house actually lives larger than
was that many of my clients wanted a better Susanka is o member  one that's significantly bigger because the spaces
house than their existing one and assumed of the College of work together as an integrated whole, perfectly
that better must automatically mean bigger, feliows of the supporting the lives of the inhabitants. It's a
1t’s just not so. In fact. in the vast majority :ﬁzﬁ;’s'}:}: ) strategy that will appeal to not only the origi-
3 . L x of cases, bigger just means bigger, and the i nal homeowners but also to future generations,

ety of important issues, and also practicing o s e s it et e daigitit A wll i oI EAA

2 2 : that their new house doesn't really feel like Council. Susanka is vironment for all their lives.
professwnals Shanng the" knOWIedge Of the dream home they'd thought they were ;Trn"'ﬂ?”nfu’g: Lastly, @ Not So Big house is a house that is
2 > 3 ° i st-selling books, y ok e withi
the lndustl‘y a“d the“, success in employ’ng building. beautiful and that inspires those who live within

including The Not So
specific techniques in their projects.

In addition, the walls, windows, roof, and
foundation of the house are designed to be highly
energy-efficient and are built using sustainable
materials and building practices. The house should
also be designed to maintain an excellent indoor
air quality that can provide a healthy and comfort-
able platform for everyday life.

oo iy Cher Wty

“From Experience” Features: These boxes
highlight industry leaders discussing a vari-

But Not So Big* doesn't mean small. In Big House (Taunton, its walls. Beauty really does matter in terms of
fact, it’s not about mandating any specific 1998), The Not So Big Sustainability because people tend to take good
size of house at all. Household needs differ, Life (Rundom House, care of places they find beautiful and delightful,
sq the assessment about how much space is 2007). Nat So Big so0 making 2 home Not So Big should really be
needed can only be made by the people who Remodeling (Tounton, gne of the first steps in sustainable design and
wil eventually lve there. Instead, i’ about Zoory WMo construction.
focusing on quality rather than quantity and s, gig Solutions for Some of the key features of a Not So Big
about tailoring the house for the way we ac- Your Home (Taunton, house or remodel are as follows:

tually live, rather than ning for a more 2010). « Designed for comfort and livability—for the

formal way of life that go-longer reflects our ———— way we really live

current needs. { * Designed to be as energy efficient and sustainable as
1 tell people that a good rule of thumb in right-sizing possible

a home to make it Not So Big is to aim for about a third Designed for our human scale (rather than for giants)
less space than they think they need hut to budget about Designed to last for centuries rather than for decades
the same amount of money as they would have for their  * Designed in all three dimensions, with plenty of ceiling
Larger vision of home, reapportioning dollars out of square height variety to define and articulate activity areas

footage and into the quality and character of the interior Designed to be just the right size to accommodate the
space and buflding envelope. homeowners’ needs—not too big, and not too small

.

By eliminating rooms that get used only a few times
2 year, such as the formal living room and dining room,
and by designing the house so that every space is in ude
every day, there's 2 natural reduction in the home's size
without any sense of something being lost. If we're not
using those spaces anyway, why build them?

either
Designed to be beautiful as well as functional and to
inspire its occupants every day

Note: Not So Big® is a registered trodemark of Susanka
Studios.
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“Did You Know?” Features: Located .througl.lout
the text, these boxed features highlight unique

bt s oo ) o e special attention,
s it s gy ce s g L or critical issues that desery P isons be-
L e e P as well as tables that provide compariso y
= e ot both sides oF 2 e (0B) sheathing, and rigid reduction i i or
m:mm“ﬁmm‘?‘f' i e e tween different materials and technologies
e et rocs e 1 e B n
e et o nd et e b s SR o quick reference.
in or be faste = Miaad =—
decking (Figure 2.138) . ;

In-Text Glossary: Deﬁni'tions of
key concepts arg provided on
the page where"the concept is
first mentioned and defined. A
paginated list of the key con-
cepts also appears at the end of
each chapter. The glossary at the
end of the book contains a com-
plete list of the key ctfn_cepts
together with their definitions.

Section 1 What is Green Building and Why Does It Make Sense?

Insulation baffies While readily available outside the United States,
Air circulation from soffit vent rigid fiberglass board insulation is not a common prod-
to ridge vent uct; however, interest and availability is increasing,
Insulation Unlike rigid foam boards, it does not require the use of
added fire retardants,

Blown-in fibe:

varying densities, which provide different R-valyes, Insu-
lation sprayed with 2 binder adheres to stud cavities and
1s scraped even with studs after installation, When no
i i is installed on the walls, and
then the insulation 1s sprayed into the cavity through the

holes of the mesh (see Figure 4.20),

ers now offer product
binders at all,

All wall pentrations to be sealed Loose-fll fiberglass insulation uses no binders in
with caulk maRufacture, but this feature is not without jrs drawbacks.
Fiberglass fibers can become airborne during installation,

Figure 4.18 Attic knee walls must be fully air sealed 4 3 . - :
with a backside ajr barrier. Blocking below knee walls manufactured with a mihimum of Z,O%‘ and-often mors;
prevents attic air from communicating with floor sys- recycled content, although removed insulation and instal.

tems. Baffles in ventilated cathedral ceilings direct air lation SCraps are not normally recycled.
around insulation,

Fiberglass Insulation Mineral wool insulation refers to either slag wool or
rock 4

Fiberglass bart insulation is available in two forms: as
wnfaced . Wi o % is produced from

Y stapling the
facing to the sides, or preferably, to the face of the studs,
Faced batts are available in widths designed for friction
fit between standard wall stud dimensions, Unfaced
bars fit in wall cavities by friction (Figure 4.19a). Floor

installations use metal clips, or tiger teeth, to hold the . 5
aff-gass rocess
batts in place (Figure 4.19b), On ceilings, barts are seg. o By 2 which many chemicats YN, or let

pled in place before the drywall is installed, or loose-laid i . mles 78 gas form inta the air; see ks volatle organic
between joists afterwards. f

e U |
phenol formaldehyde is potentially harmful chemical binder com-
monly used in fiberglass insulation and engineered wood products.

faced batts batt insulation that contain  foil or kraft Paper vapor formed into blanket, hatt, block, board, or sta shapes for thermal
retarder covering, Mw‘mm;ahmuwmws&;m

unfaced batts cotton gr fiberglass batt insulation that does not “lag wool another name for minera! woot.
contain 2 vapor retarder covering. rock wool another name for mineral wool.
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End-of-Chapter Features: Included at the end of
each chapter are the following components: Sum-
mary, Review Questions, Critical Thinking Questions,
Key Terms with corresponding page numbers, and
a list of Additional Resources that pertain to the
chapter topics.
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An Extensive Art Program: A comprehensive
collection of vivid illustrations and photos
helps bring key concepts to life, enabling the
reader to understand complex concepts more
easily.
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Supplements

Spend Less Time Planning and More Time Teach-
ing with Delmar, Cengage Learning’s Instructor
Resources to accompany Green Building: Principles
and Practices in Residential Construction, prepar-
ing for class and evaluating students has never
been easier!

This invaluable instructor CD-ROM is intend-
ed to assist you, as the instructor, in classroom
preparation and management. Included within
this electronic resource are tools that help re-
inforce the important building techniques in-
troduced in the book as well as provide the
necessary materials for evaluation of student
comprehension of critical concepts:

* An Instructors Manual including Lecture
Outlines with corresponding PowerPoint
slides, Chapter Summaries, answers to the
end-of-chapter Review Questions and Critical
Thinking Questions, and Additional Resources
help prepare you for class.

e PowerPoint Presentations highlight critical
concepts in each chapter to enhance
classroom lectures. PowerPoint presentations
also correlate to the Lesson Outlines in the
Instructor’s Manual, allowing for a seamless
presentation of the content of the book.

e A Testbank in ExamView format includes
hundreds of questions and enables you to edit,
delete, or add your own questions as well as
create your own tests using the questions
provided. This flexible format makes this feature
a handy tool for evaluating your students on
the concepts presented in each chapter.

* An Image Library containing illustrations

from the book enables you to supplement
and enhance your classroom presentations.

e Link to delmarlearning.com and click on
building trades to review other Delmar Learning
titles available in the construction fields.

The use of these tools, along with Green Building:

Principles and Practices in Residential Contraction

will assist you as you guide your students down

the path to success!

Order #: 9781111135959
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CourseMate

A CourseMate is available to accompany Green
Building: Principles and Practices in Residential
Construction. Visit www.login.cengage.com and
enter your single sign-on (SSO) login informa-
tion to access CourseMate to accompany Green
Building: Principles and Practices in Residential
Construction.

Course Mate includes Engagement Tracker, a
first-of-its-kind tool that monitors student en-
gagement in the course.

Instructors also have access to the student
resources on CourseMate, including:

® an interactive eBook
* interactive teaching and learning tools
including:
® quizzes
¢ flashcards
* videos
® and more

For the Student

CourseMate

A CourseMate is available to accompany Green
Building: Principles and Practices in Residential
Construction. To access additional course ma-
terials including CourseMate, please visit www.
cengagebrain.com. At the CengageBrain.com
home ‘page, search for the ISBN of your title
(from the back cover of your book) using the
search box at the top of the page. This will take
you to the product page where these resources
can be found._

The CourseMate to accompany Green Building:
Principles and Practices in Residential Construc-
tion includes:

® an interactive eBook
* interactive teaching and learning tools
including:
® quizzes
* flashcards
* videos
e and more
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Introduction to Green Building: Principles
and Practices in Residential Construction

Green Building Overview

Green building is a set of design, construction,
and building operation practices that minimize a
building’s total environmental impact. Decisions
made while planning, building, renovating, and
maintaining homes have long-term direct impacts
on many different aspects of our environment—
air quality, health, natural resources, land use,
water quality, and energy use. At the same time,
our building decisions have major economic im-
plications, from the cost of land and materials to
the labor and financing required to build.

Buildings are a primary point of consumption
of energy, water, and raw materials. Residential
buildings account for approximately 21% of all
primary energy use in the United States, while
commercial buildings represent another 19%.’
Internationally, residential buildings use ap-
proximately 15% of primary energy.? Buildings
are also responsible for a significant portion of
air and water pollution.

The Eight Principles of Green Building

Although there is no universal definition of
green building, we have identified eight green
building principles that should always be con-
sidered when designing, building, or maintain-
ing a home. These principles are similar to the
approach defined by the United States Green
Building Council’s Leadership in Energy and En-
vironmental Design (LEED) rating system and
other green home rating programs.

. Energy Efficiency: Reducing the energy

required to live in a house by designing it

from the beginning with reduced consumption

and increased efficiency in mind through

appropriate equipment selection and high-
quality construction methods

! U.S. Department of Energy, 2008 Buildings Energy Data Book, Section 1.1.1,
2008, http://buildingsdatabook.eren.doe.qov/
2 hitp://www.eia.doe.gov/oiaf /ieo/world. htmi

* .a= Resource Efficiency: Reducing the total
quantity of materials required to build or
remodel a house, including selecting materials
that are extracted, processed, and delivered
to the job site with the least environmental
impact and energy use; reusing previously
used materials; and recycling of construction
waste

* Durability: Using materials and methods -
that require less maintenance and increase
the life of the structure; by reducing the fre-
quency of repair and replacement, less waste
is generated, and fewer materials are needed
through the life of a house i

. Q Water Efficiency: Reducing the amount of

\&/ water used inside and outside the house

through increased efficiency and minimizing
opportunities for more consumption

. Indoor Environmental Quality: Improv-

ing occupant health by controlling mois-

ture, toxic materials, and poltutants inside
the house

. 29 Reduced Community Impact: Limiting
negative economic effects on the local
community through responsible development
and construction practices; considering how
the selection of materials has an impact
on the health and economic conditions of
the global community—workers and local
residents where products are extracted and
manufactured for use in homes

e Homeowner Education and Mainte-

@ nance: Educating homeowners and oc-

cupants to operate and maintain their homes

to remain efficient, healthy, and durable
throughout their lifetime

® | _a, Sustainable Site Development: Avoid-
.ﬁl ing development of environmentally
sensitive areas, orienting lots and homes to
take advantage of the sun, promoting build-
ing near public transit and amenities to re-
duce driving, carefully managing the site
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during construction to reduce silt runoff and
maintain native vegetation, and providing
for permanent storm water management to
reduce contaminant runoff from site to pub-
lic waterways

Because all of the concepts will not be em-
phasized in every chapter, we have developed
a series of icons to represent the different
principles. The beginning of each chapter will
list the icons that correspond to the principles
covered in that chapter. These icons serve as a
reminder of what the principles are and pres-
ent an efficient way to note the green practices
covered in a particular chapter.

Approach to Green Building in
This Book

In this book, we cover green building in a “best
practices” approach to low-rise residential con-
struction. We examine the considerations that
must be taken into account during the design,
site development, and construction phases of
the project, and we present the options avail-
able in material use—all with an eye toward
building a truly green house.

Many green building techniques are sim-
ply those that consciously include and enforce
good quality. Throughout the text, we describe
how to simply build better homes that provide
comfortable, safe, durable, and efficient living

Preface

environments. Readers may be surprised to see
that the term green is used sparingly through-
out the text.

The book is broken into five sections that
roughly follow the construction schedule. Sec-
tion One defines green building, establishing why
green building is desirable, and explaining the
science behind green. At the foundation of green
building is applied building science. For a home to
operate efficiently and effectively, moisture, heat
and air flow must be controlled (see Chapter 2).
Section Two covers the structural systems of a
home. Here we explore foundations, floors, walls,
ceilings, and roofs. Section Three delves into
exterior finishes, including windows and doors,
cladding, outdoor spaces, and landscaping. Sec-
tion Four examines interior finishes, and Section
Five explores mechanical systems, including heat- .
ing, ventilation, and air conditioning as well as
electrical, plumbing, and renewable energy.

A Final Note

Regardless of your professional path, we hope:
you take away from this book an appreciation
for the complexity of the issues and a firmer un-
derstanding of what it means to be truly green—
recognizing that it is not just a buzzword. Now
is an exciting time to be in the construction
industry because of the rapidly changing prod-
ucts and techniques that are being developed to
build better, greener homes.
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