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Green construction is the building trend of the decade. In direct response to the growing
demand for sustainable, healthy, and energy-efficient homes, David Johnston and Scott Gibson
present the most forward-thinking theories and the best proven methods of new and remodeled
green construction. They begin with down-to-earth explanations of green building basics and
move on to site planning, materials selection, energy efficiency, and indoor air quality -- detailing
along the way every step in design and construction, from framing to finishes.A must-have
reference for contractors who want to remain competitive, Green from the Ground Up is also a
remarkable resource for homeowners who require the clearest and most thorough green
building information available.

About the AuthorLinda Neubauer is the senior editor for the lifestyles books of Creative
Publishing international. She has written and edited dozens of books on sewing, quilting, and
crafting. She lives in the Twin Cities.
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green building is based on experience. I know that building green results in better houses and
that it improves the lives of the people who live in them, not to mention the health of our
planet.For 10 years, I ran a construction company in Washington, D.C., called Lightworks
Construction. We focused on solar construction. When the solar tax credit expired in 1985,
everything changed. The momentum of the solar industry ground to a halt, and it didn’t get going
again for nearly 20 years. With the financial incentive gone, we began specializing in building
and remodeling super energy-efficient and innovative houses, offices, and restaurants. Our job
was to over-deliver and delight our clients by transforming their homes and offices into more
comfortable, efficient spaces. Although the term had not yet been coined, we were pioneers in
what is now known as “green building.”In 1992, I sold my construction company and set off to
discover the new, big-business ideas that would make the world a more sustainable place. I
interviewed CEOs from over 50 cutting-edge companies. I spoke with manufacturers, investment
firms, inventive providers of services, and consultants and leaders in the construction industry.
Over the course of those countless conversations, it became clear that many sectors of the
economy were converging on a new business model, one with the potential to change the way
our homes are built and how they work—and, I hoped, with the potential to lead us to a less
challenging future for our children.Jim Leach, a leading solar builder in Boulder, Col., was one of
the visionaries who illuminated this fresh way of thinking for me. He was also the one who first
told me about a new field called “green building.” Finally, there was a word that described how
we built at Lightworks. For me, green building was the perfect way to marry my love of



construction with my desire to improve the quality of life for America’s homeowners. And I got to
do something good for the planet.Grand aspirations are fine, but the real difficulties always show
up in the details. I moved to Boulder, where I’d gone to school, explicitly to start a green building
program. I met with the Boulder Home Builders Association (HBA), and we started a green
building committee to explore the issues and opportunities in green building. A few builders,
inspired by Jim Leach’s enthusiasm, joined forces with us, and the HBA board soon passed a
resolution to develop a program.At about the same time, the city of Boulder decided to update
the local energy code, which had been adopted after the energy crisis in the 1970s. They
wanted to incorporate resource conservation and indoor air quality into a green building program
that would keep up with the growing number of local green builders. Within a year the second
and third green building programs in the country were on the books; the Denver Home Builders
Association adopted the Boulder program and the City of Boulder enacted a green building
code. That’s what launched this stage of my career.My new company was called What’s
Working. As a recovering builder, I was actively involved as a consultant and trainer in green
building programs around the country. With Kim Master, who joined the company in 2003, I
wrote Green Remodeling: Changing the World One Room at a Time to fill the niche for
homeowners and remodelers who wanted a how-to book to guide their green remodels.Since
then, the increased interest in green building has been nothing short of astonishing. Green is
everywhere, and everything points to long-term changes in how home buyers and home builders
will do business. Where this leaves builders is another story. It’s fine for consumers to clamor for
“green” houses, but what does that mean, exactly, to the person who is responsible for
translating that into a real house? It’s no less confusing for the prospective homeowner who
wants a green house but isn’t sure what that entails.This book offers a way to get there, not by
adopting wildly new building technologies and materials but mostly by using what’s already on
hand. One step at a time, builders can move from conventional construction to something far
richer for themselves and the people who buy their homes. It works.David Johnston Boulder,
ColoradoOur built environment is changing the world significantly and, it would seem,
irrevocably. Global climate change and the steady depletion of essential natural resources are
making the news. More devastating natural disasters, such as Hurricane Katrina in 2005, and
painfully high energy costs may be an inevitable part of our future, and residential construction is
partly to blame. More than a million single-family homes are built every year in the United States
alone. All of those houses consume an inordinate amount of natural resources and energy.
Maybe that’s why green building seems to be taking root, not as a passing fancy but as a
fundamental change in how and why we build the houses we live in.What we alternately call
green building or sustainable building is a way for people to make a positive difference in the
world around them—if not reversing, then at least reducing the impact of humankind on the
planet. Not coincidentally, it has its own practical rewards on a scale that all of us can
immediately understand. If becoming model citizens of Planet Earth is too much to get our arms
around, living in healthier, more comfortable houses that are less expensive to operate and last



longer is certainly an attractive idea. Who wouldn’t want to participate in something like that?
THE GREEN FACTORGreen building encompasses every part of construction, not just the
house itself but everything around it, and how the house and its occupants relate to the
community around them. In theory, it can seem simple. In practice, it can get complicated. At its
most basic, green building is a tripod of three interrelated goals:• Energy efficiency, the
cornerstone of any green building project. A well-designed and green-built home consumes as
little energy as possible and uses renewable sources of energy whenever possible. Lower
energy use not only saves homeowners money but also has broader societal benefits, including
fewer disruptions in energy supplies, better air quality, and reduced global climate
change.• Conservation of natural resources. Conventional building needlessly consumes large
quantities of wood, water, metal, and fossil fuels. There are great varieties of effective building
strategies that conserve natural resources and provide other benefits, such as lower costs.
Strategies include the use of durable products to reduce waste and specifying recycled-content
products that reuse natural resources.• Indoor air quality. Poor indoor air quality is often caused
by mold and mildew that are the result of leaks or poorly designed and maintained heating and
cooling systems. Another common source of indoor air pollution is the off-gassing of chemicals
found in many building materials. Some are known carcinogens.Green building is ultimately
about the relationship of a house and its occupants to the world around them. It’s a process of
design and construction that fosters the conservation of energy and other natural resources and
promotes a healthy environment.In essence, that’s what green building is about. It’s not a
scorecard where we rack up the number of recycled building materials we use, nor is it a
requirement to buy a roof’s worth of solar panels or put a wind generator up in the backyard.
Green building might include some or all of these things, but it’s a lot more than that. Green
building is a systematic approach that covers every step of design and construction from land
use and site planning to materials selection, energy efficiency, and indoor air quality. All of this
will be covered, step by step, in the chapters that follow.Green Is No Longer on the FringeGreen
is hot. According to a survey conducted by McGraw-Hill Construction, demand for green building
had outpaced supply by early 2007 as home buyers looked for greater energy efficiency. The
National Association of Home Builders (NAHB), a trade group not known for making wild
predictions, now believes we’ve reached the tipping point when half or more of its members are
incorporating green features into the homes they build. Even the modular housing industry is
getting into the act with a growing list of designers coming up with houses that embrace the
goals of sustainable building, not simply fast construction.Green building shows every sign of
becoming a self-fulfilling prophecy: The more people are exposed to the benefits of green
homes, the more green homes will be built. Coast-to-coast, the home-buying public is asking for
green features from their architects and builders.Interiors built to sustainable building standards
don’t have to look odd. These cabinets are made from panel products that don’t off-gas toxins
and are manufactured with materials that can be harvested sustainably. Water-based and
natural finishes keep occupants healthier than those loaded with volatile organic compounds.



The wallpaper is made from renewable cork.So where did all this start?It really began in Austin,
Texas, in 1992 when the city’s green building program won a sustainable development award
from the United Nations’ Earth Summit in Rio de Janeiro. That put green building on the map,
and builders working on the fringes of conventional construction used the healthy-living, energy-
saving objectives of green building as a unifying theme. Over the next several years, alternative
building techniques such as straw-bale, rammed earth, and adobe construction received a lot of
press.By 1996, the Denver Home Builders Association was developing the first private sector
green building program in the country. Although it met with great resistance, the board approved
the plan by a single vote. At the same time, Boulder, Col., became the first city in the country to
make sustainable building part of its city code. If you wanted a building permit, you had to have
50 “green points” on the permit application. Both the Denver and Boulder programs got the
attention of the construction industry as well as city officials across the country. Cities from
Atlanta to Seattle launched green building programs, then home builder associations around the
country picked up on Denver’s example. By 1999, there were more than 50 local programs
countrywide.Alternative designs of the 1970s may have been inexpensive to build and heat, but
they lacked a diversity of design that turned off many potential converts. This house incorporates
structural insulated panels, insulating concrete forms, and other green features yet looks entirely
contemporary.Smart planning can include the placement of windows for solar gain, thereby
reducing energy bills, and using concrete as a finish material on floors. Minimizing carpeting
reduces the threat of mold and allergens. A ceiling fan and operable windows aid ventilation.Lots
of Green, Few Common StandardsThere were plenty of green building programs, but not much
common ground. Each of the country’s local programs had its own definitions of what it meant to
be green, and builders working under more than one of the programs could easily be confused.
In the Aspen, Col., area alone, for example, builders in the late 1990s could choose from among
four separate green programs.The NAHB soon started thinking about what production
homebuilders needed to know, and the association later published its own set of guidelines.
They are just that—guidelines that may be adopted by builders as they see fit. Local or statewide
programs scattered elsewhere across the country may follow the NAHB Green Building
Guidelines’ lead of suggesting without requiring, or they may set measurable performance
standards. The Energy Star® program of the U.S. Environmental Protection Agency has
included indoor air quality as part of its energy-saving initiative. MASCO, a large conglomerate
of building product manufacturers, has its Environments For Living (EFL) program that certifies
builders at progressive levels of home performance (see ).BUILDING WITH STRAWStraw-bale
construction will probably never be mainstream but it does satisfy at least three important goals
for green building: straw is a renewable resource that can be harvested locally, it’s relatively
inexpensive, and straw-bale walls have high R-values for energy efficiency.Straw can be used as
infill—meaning a structural framework actually carries building loads—or the bales can be
formed into structural walls without any additional framework. Once the bales have been stacked
into walls and pinned together, they’re covered with wire mesh and finished with stucco to make



them weather tight and durable.It can take several hundred bales of straw to make a house, but
the raw material is an agricultural waste product that can come from any one of several crops—
wheat, oat, barley, and rye among them. Some 200 million tons of straw are produced in the U.S.
annually, so there’s plenty of it available.Straw bale is a low-tech construction method that can
be managed without a lot of building background, which makes it appealing to owner-builders
trying to save money. If low cost is appealing, so is performance. A bale of straw has an R-value
of about 28, and the stucco finish protects against both pest infestations and fire.On the
downside, the availability of straw probably has something to do with where you live. It must be
kept dry during construction, and code officials in some parts of the country aren’t familiar with it
so approval is not likely to be automatic. If you want to learn more, there is a variety of sources
for information, including .Early green building programs were a magnet for new ideas and
practices aimed at making houses more energy efficient and less expensive to build. One result
was a wider interest in straw-bale construction.RAMMED EARTH AND ADOBEBoth rammed
earth and adobe houses seem nearly ideal from a green point of view and, in many ways, they
are. The appeal of both techniques is that the Earth itself is the basic raw material for the
building envelope. It would be hard to top that on a scale of sustainability.Traditional adobe
houses are made from earthen bricks that have dried in the sun and are laid in courses to form
walls. Modern versions can be stabilized with cement. The gently rounded contours and thick
walls of these houses are an architectural trademark of the southwestern U.S. and Mexico.
Because building materials can be taken directly from the site they’re inexpensive, and adobe
has high mass, although not necessarily a high R-value.There’s probably no reason that adobe
houses couldn’t be built outside their traditional geographic stronghold. But on a practical level,
you’ll also need hot, sunny weather and the right kind of soil to make the bricks, as well as
experienced builders who know how to work with the material. You’re not likely to find those
conditions in Tacoma, Cincinnati, or Boston. If you have adobe bricks trucked in, it’s going to get
very expensive.Rammed earth is another green-friendly building technology in which soil mixed
with a small amount of cement is compacted with hydraulic tools in forms to create walls up to 2
ft. thick. Walls are extremely heavy—100 lb. or more per sq. ft.—so these houses call for sturdy
concrete stem-wall foundations.Building a rammed earth home is not a beginner’s game. It takes
specialized equipment as well as know-how, and the labor-intensive process isn’t inexpensive.
Rammed Earth Development, a Tucson, Arizona-based company specializing in this technique,
estimates that a rammed earth house starts at nearly $200 per sq. ft. Ironically, even though
walls are made from earth, not any kind of soil will do. Rammed Earth says site soil is used only
rarely because most of it doesn’t have the right mix of ingredients. It’s actually cheaper to buy
screened fill, according to the company.Both building techniques are appealing for their use of
natural materials, if not their inherent beauty. But a variety of factors is likely to keep them
confined to a limited geographic region. Good sources to learn more about it include Rammed
Earth’s website () and another for a California company founded by David Easton, an early
practitioner of the craft ().Rammed earth and adobe structures are made from earth, making



these materials “sustainable” in the truest sense of the word.A way out of this morass arrived in
2000 in the form of the Leadership in Energy and Environmental Design program (or just LEED
for short), a set of specific, measurable building standards developed by the U.S. Green Building
Council for commercial construction. By 2006, it had evolved into a pilot program called LEED
for Homes that was headed for full-scale adoption sometime in 2007.To date, LEED is the only
national green building program that puts the exact requirements for earning green status in
writing and requires independent verification that buildings are constructed that way. And this is
key. Over time, consumers are almost certain to become far more educated and a lot less
tolerant of slippery definitions of green building: “Is that house really green?” they’ll ask. “Prove
it.” Without published standards that can be certified in the field by independent inspectors, it will
be very difficult for builders to show homebuyers they’re getting what they paid for.In spite of, or
maybe because of, the proliferation of green building initiatives and published guidelines, there
is still ample room for confusion among builders who want to build green. Not only are there a
number of programs to choose from, but their different criteria can compete with one another.
For example, durability of building components is an important consideration because it’s one
way of reducing waste. Vinyl siding lasts a long time but there are concerns about dioxin and
other dangerous by-products that result from the manufacture and incineration of polyvinyl
chloride. So, can a house built to sustainable standards include vinyl products? If so, which ones
are acceptable and which are not?House size poses another such dilemma. Suppose a house
built for two people includes a variety of recycled products and energy-saving building
techniques or is even capable of operating completely off the grid—but it’s 6,000 sq. ft. and cost
$500 per sq. ft. to build. It uses far more resources than an average-size house, and certainly far
more than is necessary for a single couple. Can such a house really be considered green?
MYTH #1: GREEN BUILDING IS FOR TREEHUGGERSYes, committed environmentalists do
like green building. But green building is not for extremists. It’s going mainstream. According to
an estimate from the Environmental Home Center in Seattle, the overall market for sustainable
building materials is about $20 billion a year, and it’s expected to grow more than 10 percent
annually. That makes it big business.Why are a growing number of consumers buying into green
building? Rising energy prices are certainly a big reason. Consumers are beginning to realize
that sustainably built houses mean lower heating and cooling costs.Health is another major
reason: Our health and well-being are notably affected by the large amount of time we spend
indoors. According to the American College of Allergy, Asthma, and Immunology, more than 38
percent of Americans suffer from allergies. According to the U.S. Centers for Disease Control,
the number of asthma cases grew by 75 percent from 1980 to 1994—to more than 17
million.Since when is saving money and enjoying good health an issue for any particular cultural
or political minority?MYTH #2: GREEN BUILDING IS TOO EXPENSIVESome green building
components do cost more. But many cost less. When thinking green is part of the initial planning
process, it’s easier and less expensive to incorporate features that significantly lower operating
and maintenance costs.For example, passive solar design coupled with high-performance



insulation can make a conventional furnace or boiler unnecessary. Orienting a house to take
advantage of solar energy does not in itself cost a penny more than standard construction.
Adding a few windows and investing in insulation does cost money, but the rewards on the other
side of the ledger are far more substantial, initially and over the life of the house.Many builders
have found that the real cost is in learning new techniques. Products themselves are becoming
more readily available and more affordable as major manufacturers develop new lines to meet
consumer demand.MYTH #3: GREEN BUILDING IS UGLYGreen buildings do not have to look
like yurts. True, a yurt can have its own beauty, but understandably not everyone wants to live in
one. Uniformity or plainness of design is one factor that hampered wider acceptance of
alternative building practices back in the 1970s (let’s face it, some of those houses were just
plain ugly). But a green home can look like any other house: colonial, modern, southwest, ranch
—you name it. Even on the inside, green homes can be just as varied in design, just as stunning,
as any conventional home.On another level, green buildings are inherently more beautiful
because builders and homeowners take the time to understand how the house works and what
materials will work better than conventional products. Reclaimed wood, recycled glass, certified
lumber—the list of beautiful green materials is very long indeed.A green house that doesn’t
necessarily look it: This pleasant bungalow-style house in Hawaii uses long-wearing steel
roofing made to facilitate the addition of photovoltaic panels at a later date. The bungalow
design with deep overhangs and protected porches suits the climate perfectly.GETTING
BIGGERIn 1973, the average new single-family home in the U.S. measured 1,660 sq. ft. By
2005, the size had risen to 2,434 sq. ft.—an increase of 46 percent. That still may seem modest,
but in some parts of the country, huge houses are the norm. In Boulder County, Col., for
example, the average new house is 6,000 sq. ft. In Aspen, Col., it’s 15,000 sq. ft.There may be
no perfect answer to these questions, only a process to balance competing interests. For
builders and consumers alike, it can be a bewildering process.Dealing with the World around
UsPolitical history and diversity aside, the nation’s green building programs share a common
goal—building houses that recognize some uncomfortable realities in the world around us.
Some of the most important fundamentals of sustainable building—energy and resource
conservation and indoor air quality—are a reaction to a world very different than it was a decade
ago. Seen in this light, sustainable building is a practical response to a variety of issues that
affect us all.Increasingly savvy home buyers want assurances that their new home is “green.” A
passive solar design with south-facing glass, formaldehyde-free cabinet components, and
flooring from sustainable sources can contribute to certification.Energy supplies are
peakingLet’s start with something known as “peak oil,” the hypothetical moment when the world
has pumped the maximum possible number of barrels per day out of the ground. After that, oil
production starts to decline. The U.S. hit its peak in the mid-1970s. Many oil geologists believe
the world will hit peak production sometime in the next decade. Whether we reach that point in
two years or 10 years, we are nearing the end of the cheap oil era. That’s alarming enough on its
own, even more so when you consider that buildings are responsible for at least 40 percent of all



energy consumption in the U.S.As recently as the mid-1990s, energy experts assumed there
was enough natural gas to serve as the transitional fuel from a petroleum economy to a
hydrogen economy. It is a near-perfect fuel—abundant, domestic, clean-burning, and relatively
inexpensive. As a result, turbines that burned natural gas were built to augment many coal-fired
plants in the U.S. Then the domestic supply of natural gas began to decline. Gas wells stopped
producing but demand kept growing with the construction of both buildings and power plants.
From 2002 to 2004, natural gas prices doubled in much of the U.S. In some markets, prices went
up even higher.Buildings contribute over 40 percent of the total greenhouse gases in the
atmosphere, more than either industry or transportation alone.ENERGY SUPPLY GAPWith the
end of the oil era in sight, energy planners had hoped that methane would bridge the gap
between an oil-based economy and one fueled by hydrogen. But a sharp increase in demand for
natural gas along with limited supplies has produced an energy gap that may spell shortages
ahead.Adapted from J. Ausubel, 1996 “Can Technology Spare the Earth?” American Scientist, v.
84, p. 169.The U.S. started to import natural gas from Canada and Mexico through new
pipelines. Today, we are close to using the total volume of available gas from all North American
sources. In some parts of the country, there are not enough pipelines to meet the demands of
growing communities.Oil is easily shipped in tankers. But natural gas must be compressed,
liquefied, and shipped at very low temperatures in huge refrigerated tanks aboard a ship. Due to
the potential danger in handling liquefied natural gas (LNG), there is tremendous resistance to
installing off-loading facilities in U.S. ports. As a result, we don’t have the capacity to import
much LNG. It, too, will become increasing expensive and harder to get.Because of these and
other factors, energy conservation is a cornerstone of green building. Cutting energy use has an
obvious and immediate effect on how much it costs to heat and cool a house. Not worried about
how much oil is left in Saudi Arabia? OK, green building can be about your heating bill next
winter.Climate change means a tougher environmentScientists may argue about the ultimate
cause, but climate change is certainly upon us. Most people recognize it as “weird” weather.
Everywhere in the world, local weather patterns change in unpredictable ways. There are more
intense hurricanes like Katrina, longer droughts like those in East Africa, unheard of floods in
New England and Ohio, and more violent weather events such as tornados.This office was
made from a variety of green building products, including structural insulated panels and
engineered structural beams, but cost only $75 per sq. ft. Located in Colorado, its radiant floor
heating is driven by a conventional water heater.Most experts lay the blame on higher
concentrations of carbon dioxide (CO2) in the atmosphere. It’s called a “greenhouse gas”
because it traps heat that would otherwise be radiated back into space. And the problem feeds
on itself. As more CO2 builds up, it in turn traps more heat, which accelerates the process. Take,
for example, what happens in the arctic when ice melts due to higher global temperatures. As
the ice cap melts, more of the dark ocean is exposed and more heat is absorbed, which helps to
melt more ice. This “positive feedback loop” is a cycle: more heat, less ice, and a faster rate of
melting.Green building’s response is to cut the amount of carbon dioxide produced directly and



indirectly by encouraging the use of renewable energy sources where possible and recycled
products or products that take less energy to produce. The result is a smaller “carbon footprint.”
This is why zero-energy homes, houses that produce as much electricity as they consume, are
springing up across the country.GREENHOUSE GAS EMISSIONSA steady increase in
concentrations of atmospheric carbon dioxide is behind a sustainable building goal of reducing
the “carbon footprint” of houses and their occupants. CO2 has increased from 280 parts per
million prior to industrialization to 381 ppm in 2005. The timeline in this chart is from 1958
through 2005 at the Mauna Loa Observatory in Hawaii and shows seasonal spikes even as
overall concentrations rise.Adapted from: Carbon Dioxide Information Analysis Center.Roof-
mounted solar panels are one way of reducing the consumption of fossil fuels and shrinking the
“carbon footprint” of a house.Water isn’t boundless, eitherThe U.S. uses water so flagrantly that
many of us may not think of it as a finite resource. After all, two-thirds of the planet is covered in
water and it’s raining somewhere all the time. What few of us realize is that less than 1 percent of
the planet’s water is drinkable. Most of the earth’s fresh water is frozen in the polar ice caps.
What we have been living on is surface water, aquifer water, and fossil water.Surface water,
found in lakes, rivers, and streams, is confined primarily to the region where it is found—the
Great Lakes, for instance, or the Colorado River. Aquifer water, replenished by rainfall that seeps
into the earth, is what we tap into when we drill wells in drier areas. Fossil water is like oil: It will
never be replenished. All three are being challenged from either pollution or overuse.As climate
change becomes more intense, rainfall patterns around the world will change. Some regions will
get more, some significantly less. In the U.S., predictions are that the western U.S. will become
increasingly drier over the next 20 years with the possibility of a drought to rival the one that
produced the Dust Bowl in the 1930s. The huge but shallow Ogallala Aquifer under the Great
Plains from the Dakotas to Texas is dropping at the rate of 30 ft. per year, and the less it rains the
faster it is drawn down. Northwest China is one of the four largest grain-producing areas in the
world and feeds China today. But it runs on fossil water, which may be completely gone in the
next five years. What happens then?Many Americans have taken clean water for granted, but
increasing pressure is taking its toll. Aquifers once thought to be nearly limitless are dropping
rapidly as a growing population competes for a finite resource.Decreasing water supplies, along
with rapidly rising energy prices, will bring higher food prices. Competition for food will also lead
to increased conflict over food-growing areas and water sources.Seen in context, those 10-gal.-
a-minute bathroom shower spas may not look quite as appealing. Water conservation becomes
an obvious component of green building and goes a long way toward explaining an emphasis on
water-saving toilets, low-flow showerheads, and landscaping that doesn’t require much
watering.Other natural resources on the waneStructures—residential, commercial, and industrial
—account for 40 percent of all natural resources consumed in a single year. Yet construction of
the average 2,000-sq.-ft. house also yields 50 to 150 cu. yd., or 8,000 to 12,000 lb., of
construction waste. Most of that ends up in landfills.MYTH #4: GREEN BUILDING DOESN’T
WORKThe list of consumer concerns about how well a green building works is long: “The low-



flow showerheads leak.” “Bamboo flooring warps easily.” “Zero-VOC paint doesn’t cover walls as
well as the paint I’ve always used.” “Compact fluorescent lights give off a weird bluish glare.”
Some complaints have been justified, but these concerns tend to focus on exceptions rather
than on the big picture.In general, sustainably built houses tend to be more energy efficient,
more durable, and less costly to maintain. That said, some green products have had quality
issues. But keep in mind that conventional products have also had quality concerns, not to
mention unacceptable effects on our health and the environment.Many green products were
designed to do something better than a conventional product, not specifically because they
could be considered “green.” Inevitably, if a green building product does not work, market forces
will force it off the shelves, just as under performing conventional products are gradually
abandoned in favor of something else. Today, manufacturers of low-flow showerheads, bamboo
flooring, and low-VOC paint are creating reliable products. Although the industry has had some
growing pains, in the end green building is simply better building.Construction debris from a
single house can be measured by the ton, but some builders are getting smarter about recycling
waste and reusing building components. Dismantling this house provided a wealth of material
that could be reused and kept recyclables out of the landfill.RECYCLING PAYSBuilders may look
on jobsite recycling as a pain in the neck. It’s much easier, isn’t it, to have a big Dumpster®
dropped at the site? By the time the house is done, the Dumpster is full and everyone goes
home happy.That may be standard practice in many parts of the country, but finding ways to
recycle waste at the jobsite can ultimately be much cheaper, as builders in some communities
have already discovered. In Portland, Ore., disposal fees for garbage were about $71 per ton in
2005 (plus a $7.50 transaction fee). Most construction waste could be dropped off at a recycling
center for fees that topped out at $35. In the very worst-case scenario, recycling cost half as
much as throwing it in the Dumpster, probably less.Too much lumber can compromise the
resource efficiency of a house.That rate of consumption simply isn’t sustainable. It amounts to
using 1.2 planets’ worth of resources to take care of just one planet of about 6 billion people.
When we hit 8.5 billion people in the year 2025 or so, those resources will have to be stretched a
great deal thinner.Wood is the most renewable of resources used in the building industry, and
we use plenty of it for new houses. An increasing amount of it comes from tree plantations, not
real forests, hence a green emphasis on making supplies go further and not converting natural
forests to tree farms. Advanced framing techniques and the use of structural insulated panels,
engineered wood, and Forest Stewardship Council certified–lumber can all help. Those
practices are explained in chapter 5.Americans make up 5 percent of the world’s population but
use 25 percent of the world’s resources.A variety of metals are also used in building—copper
pipe, steel framing and structural supports, aluminum flashing, and metal roofing. Three billion
tons of raw materials are turned into foundations, walls, pipes, and panels every year. Using
materials in their highest and best use is critical. Increasing the proportion of recycled materials
helps reduce waste.Green building is, above all else, applied common sense. Yet the building
industry is agonizingly slow to change, partly because it takes time for new technologies and



building practices to filter into the field and partly because builders, many of whom run small
businesses, are reluctant to take risks on “new” ideas that have not been proven. They have their
reasons: polybutylene pipe that sprang leaks, hardboard siding that rotted in humid climates,
and a variety of other products that never quite lived up to the hype. They cost builders millions
in claims and callbacks. Even so, sustainable building practices, designing and building homes
using a whole system approach, and the products that go with them will eventually overcome
those misgivings. It’s not a gimmick. It’s just good building.Landscaping that promotes natural
plants and uses water wisely has twin benefits: houses look as if they fit the landscape more
comfortably and water use can be cut dramatically. BEST PRACTICES• Test your market and
set priorities for what’s important to homebuyers in your area. It might be energy conservation,
indoor air quality, water conservation, or something else specific to your community or
region.• If sustainable building is something new to you, try not to do everything at once.
Choose a priority and get good at that. Then branch out.• Get your staff and your subs on board
with what you’re trying to accomplish. Once everyone realizes that building green is important to
the future of the company, they’ll be more likely to help put it into practice and they’ll probably
have good ideas of their own to contribute.As interest among consumers increases, so do the
number of reliable and attractive green building products. Natural finishes, tile made from
recycled glass, and cabinets constructed of bamboo contribute to the look of this kitchen.Amory
Lovins, one of the founders of the Rocky Mountain Institute, probably wasn’t too far off the mark
when he said, “People don’t care where their energy comes from. All they want is hot showers
and cold beer.” That logic can easily be extended to the house as a whole. What many
homeowners want is a house that’s safe, comfortable, and easy to heat and cool—not a science
course on how that’s accomplished.It’s not that easy for builders. We can’t build green houses
until we understand how a house works as a system. To some builders this may seem like a long
leap into unfamiliar territory. Many carpenters were taught how to build by older carpenters who
themselves were following the footsteps of their own mentors. Very few of us go to homebuilding
school to learn building science.Yet science is what sustainable building relies on. Subsequent
chapters in this book describe in detail how sustainably built houses can be oriented on the site,
framed, insulated, plumbed and wired, ventilated, and landscaped. Those building practices
didn’t come out of thin air. They’re based on principles that once understood will guide us every
step of the way. Ultimately, green building begins with the fundamentals of designing and
building the many parts of a house so they work together as a whole. THE GREEN
FACTORSustainable building takes most of us back to the classroom for a refresher on the
physical properties of energy, air, and water. It’s much easier to build a green house when we
understand how heat and cold move from one object to another, and how air and moisture move
inside our houses. Green building practices, as well as the selection of appropriate building
materials, revolve around a few basic principles of science. What’s key:• A house is a system of
interrelated parts.• Energy loses some of its potential each time it is converted from one form to
another, which helps explain why passive solar heat is much more efficient than electric



heat.• Form follows function when it comes to design, meaning that construction should be
tailored to the environment in which the house is built.• Air leaks in the building envelope
represent a significant loss of energy and open the door to moisture damage inside wall and
ceiling cavities.• Controlling the movement of heat, air, and moisture involves every part of the
building and everyone on the building team.How Heat Is TransferredNothing is more central to
this notion of house-as-system than heat flow, or to get a bit more technical about it, the First
and Second Laws of Thermodynamics (thermo = heat, dynamics = movement). Once we see
how these principles are applied to building, we’ll never look at a house the same way
again.Energy cannot be created or destroyed, only changed. That’s the first law of
thermodynamics. All the energy we have is in one of many forms: electrical, chemical,
mechanical, solar. The second law says that every time you convert energy from one form to
another it’s degraded in the process.Some forms of energy are more concentrated than others
are. Electrical energy, for instance, can do all kinds of miraculous things, like make laptop
computers work or turn heavy motors. Woodstoves, on the other hand, convert a lot of energy
potential from the wood into heat, but you can’t run a laptop with it. So there is a hierarchy of
energy forms that we can convert to accomplish the work we want to do.What the second law
tells us is that each time we change the form of energy (chemical to heat—heat to mechanical) it
becomes less useful. This is called entropy. Efficiency is converting energy from one form to
another with as little waste as possible. In the end, we can measure the “net energy” of any given
process—the percent of the original energy potential versus the actual work we have
accomplished.Does this have anything to do with building houses? Actually, it does. Our
challenge as designers and builders is to make the building as efficient as possible in all energy
conversions—that is, to keep energy in its most useful form and not let it escape or degrade
more than necessary. In other words, to create the least entropy. The closer the building is to the
source—the bottom of the energy food chain—the better.A classical example of high entropy
versus low entropy lies in the contrast between a house that is electrically heated and one that is
designed to be passive solar. Electricity makes a long journey before it arrives at the baseboard
heater. Suppose the electricity we use comes from coal. Coal itself is a very concentrated form
of chemical energy that was created over millions of years in a process of photosynthesis that
converted atmospheric carbon dioxide into a hydrocarbon fossil fuel. Enormous amounts of
energy are required to run the extraction equipment, trucks, and processing equipment. Then
coal is transported to a power plant that burns the coal to boil water that creates steam. The
steam spins a turbine that creates the electricity. The electricity then passes through a
transformer to create 240,000 volts for high-transmission lines. As it runs through the lines there
are line losses until it reaches its destination. It then passes through another transformer where it
is stepped down to 240 volts that we can use in our homes.LAWS OF NATUREGreen building is
based on building science. One key is understanding the flow of heat, which always moves from
hot to cold. Heat transmits in three ways: conduction, convection, and radiation. All three
principles can guide the selection of the most appropriate materials and practices for a green



house.LOST IN TRANSITWhen energy changes from one form to another, some of it is lost.
Take, for example, the energy potential in a lump of coal. Because of the different efficiencies of
mining, transportation, and electrical generation, only 15 percent of its energy potential is
actually delivered as usable power in a house.By the time it reaches us, electricity has lost 85
percent of the potential energy of the coal used to make it. If we heat with electric resistance
heat, we’re getting only 15 percent of the energy the coal had to offer in the first place.Passive
solar, on the other hand, uses radiant heat directly from the sun to heat a house. Here, the
energy makes only one simple conversion from light to heat. The sunlight passes through south-
facing windows, strikes a solid object, and turns into heat that is re-radiated to human bodies.
There is only one energy conversion.The efficiency of the process is determined by the
transparency of the glass. At a minimum, we get 50 percent of the potential heat and with well-
designed glass, we can get up to 75 percent. And, it’s all free. That’s eating low on the energy
food chain.Electricity from conventional sources is an example of “high entropy,” meaning that
much of the energy potential in the fuel is lost between the point of initial generation and the end
use.In green building, having an appreciation for entropy helps us select the best form of energy
for the task at hand, using the most efficient appliances or designs that make energy
conversions with the least amount of degradation (to heat) and retaining heat where we need it
and in the form we want it. This is where the building shell comes in.Thermal
TransmissionEnergy moves in three ways—conduction, convection, and radiation (see the
drawing on p. 24)—and energy movement is always a combination of all three. While we refer to
insulation in terms of its conductive resistance to heat movement, convection and radiation are
also taking place on a more subtle level. All of these are important in a house for different
reasons, and the principles help explain why some building techniques and materials work
better than others do.ConductionHeat moves through solid substances by this process. It is
typically measured with an R-value (the higher the number, the greater resistance to heat flow).
Anything that conducts electricity typically has a low R-value. Metals of all kinds fall into this
category. Wood, not a good conductor, has a higher R-value than metal. The insulation we use in
houses works because it traps air, giving it a much higher R-value.Passive solar design sharply
reduces the amount of energy a house will consume while still keeping occupants comfortable.
Light-filled spaces are cheerful and inviting as well as energy efficient.FEELING THE LOSSThe
movement of heat is experienced in a variety of ways: by forced and free convection of air, by
direct conduction through the floor, and by radiation to a cooler object, like a nearby window.So
in insulating a house from hot and cold, we look for materials that allow the least amount of
conduction or take steps to shield conductive materials so they don’t become energy
transmitters. Light steel framing, for example, can move tremendous amounts of energy through
the exterior walls of a house because it is such an efficient conductor. That’s why a steel-framed
house should be sheathed with rigid foam insulation. Cellulose, foam, cotton, mineral wool, and
other types of insulation conduct very little.ConvectionConvection is the movement of liquids
and gases because of differences in density. Convection explains why warm air ends up in the



upper floors of a house while the basement stays cold, or why a chimney draws smoke up and
out of the house.Our houses are filled with convective currents, some of which we feel and some
of which go undetected. Convection is more subtle than conduction, but when it’s not controlled,
it can result in a drafty, uncomfortable house. Worse, convection can carry moisture exactly
where we don’t want it—into wall cavities and attics where it condenses into water and
encourages mold and deterioration.When we become more aware of how convection works, we
can take steps in building houses to reduce its impact on comfort and health.RadiationRadiation
is the movement of energy from a hot object to a cooler one via waves. Think of the sun on a hot
summer day. The air temperature is the same in the sunshine as it is in the shade, but we feel
more comfortable when we get out of the sun and out of reach of all that radiant energy. A
fireplace can keep us warm even as a great deal of hot air escapes up the chimney.Radiant
energy heats objects rather than air. That’s why people are often happier with radiant-floor heat
than they are with a forced-air furnace. Their bodies feel the heat directly rather than feeling the
warm air.Controlling Heat FlowWe build houses so we can stay comfortable, and to keep the
weather at bay. Over time, we’ve gotten better and better at disconnecting our houses from the
climate around them. Houses today can look the same whether you’re in Anchorage or
Pensacola, and that doesn’t make a lot of sense. More logically, houses in those vastly different
climates would be designed to respond to the environment around them and thus have very
different appearances.Building science seeks to put the two back together. We want to
understand the building well enough to take advantage of the environmental benefits of local
climate and protect the occupants from undesirable climatic conditions (for more, see chapter
13).Insulation is a key part of designing for climate. How much insulation we can get between
outside and inside is partially determined by the structure of the building. Wood-frame buildings
were once framed with 2×4s on 16-in. centers, an approach so common that architects and
designers referred to this detail simply as “typical” or just “TYP.” So this is the place to start with
design.In the framing chapter (see p. 83), we will discuss various options for building the
structure, but the important thing here is to avoid “TYP” on construction drawings—it means that
too little is being done to fit the house to its environment. A house should be designed to meet
the requirements of the local environment. This means that insulation levels, or the overall R-
value of the house, should be higher than the minimums required by the local energy code. In a
good green home, the R-values of insulated floors, walls, and ceilings are often 50 percent
higher than what the building code requires.Air LeakageAir leaks, or drafts, can be responsible
for 25 percent of the heat loss in a new house, more in older houses. Moreover, when air moves
through the house because of leaks it is often laden with moisture that can end up in wall
cavities and condense, increasing the likelihood of mold and structural deterioration. Air traffic
control is the key. We have grown used to sealing the obvious problem areas with foam under
bottom plates, expanding foam around window and door framing, and insulation stuffed into
smaller wall cavities. It is the invisible and often convoluted paths of air leakage that need our
attention. Because air leaks are so detrimental to the energy performance of a house, it is



always a good idea to conduct a blower-door test after the house has been sealed. A fan housed
in a special door frame temporarily replaces the front door and pulls air from the house,
“depressurizing” the structure so that air leaks can be detected with a smoke stick. Air leaks
become visible so they can be corrected. The test shouldn’t cost more than a few hundred
dollars. It’s a simple way of verifying that air-sealing has been successful.Infiltration—unwanted
air intake into a house—can account for 40 percent of the heating load in existing buildings. New
homes are only slightly better at 25 percent.An infrared photograph shows energy losses around
a window. Areas shaded in red indicate sources of escaping heat—and wasted energy
dollars.UNCONTROLLED AIRFLOW ROBS ENERGYWithout an effective air barrier, a house is
like a balloon peppered with pinpricks. Air leaks reduce energy efficiency, make the house less
comfortable, and have the potential to cause mold and structural decay. Contributors range from
recessed lighting to an unsealed chimney chase.Doug Parker of Big Horn Builders is conducting
a blower door test, an accurate way of measuring how effective an air barrier really is. It also
provides a way to track down air leaks so they can be sealed.Air BarriersControlling infiltration
and exfiltration requires an air barrier between conditioned and unconditioned spaces. Imagine a
balloon with hundreds of tiny pinpricks in it. You can imagine that it won’t be inflated for very long.
The air barrier is the way we keep the conditioned air in the house and stop heating or cooling
the outdoors.Sealing holes around electrical wires and plumbing pipes is an essential part of
creating an effective air barrier. Expanding urethane foam makes a good sealant.There are many
different materials assembled into the envelope of a house, and where these materials intersect
should be the focus of air sealing. A stud doesn’t allow much air to pass through it, but when
there are studs nailed together, they form gaps that allow air to get through. When you install a
window, you are creating a gap in the sheathing that can allow more air to escape. Pipes, wires,
and ducts, as they intersect the structural members, also are places where air can leak. The
integrity of the air barrier is one key to efficient heating and cooling.Establishing and maintaining
an effective air barrier is the responsibility of many members of the building team. From the start,
the architect must understand where the air barrier will be. Framers should frame to meet that
requirement, and the insulating contractor should be thorough. The superintendent or lead
carpenter must be able to “see” the potential for air movement before the fact. In other words,
everyone needs to be in the game.ACCOUNTING FOR WINDWhen a house lacks an effective
air barrier, air infiltration from wind becomes a problem. On the windward side, where pressure is
higher, air blows into the house. On the leeward side, where pressure is lower, air is drawn
through gaps and holes in the envelope. The result? A drafty house, wasted energy.An air barrier
on the outside of this house will help keep wind from washing through walls and lowering the
efficiency of thermal insulation.Airflow MechanismsWind speed and direction create pressure
differentials on different sides of the building. The side facing the wind encounters higher
pressure while the opposite side has a lower pressure. These differences cause air to move in
the building. If there are cracks or penetrations on the windward side, air will be pushed into the
building, through the insulation, and into the living space. That’s often around doors and



windows. Or the air may follow wiring and create drafts in unexpected places. Because of the
lower pressure on the leeward side of the house, air will be pulled out of the building and
enhance the flow. This will always vary by season and microclimate conditions.HOT AIR
RISESConditioned air can vanish thanks to convection. As hot air rises through chimney flues,
unsealed recessed lighting, and duct penetrations through the building envelope, it is replaced
by air that enters the house elsewhere. Although the stack effect is an immutable law of nature, it
can be controlled.Stack effectBasic convection pressures explain the stack effect. Cold air is
heavier than warm air. It falls after coming into contact with cold window glass or poorly insulated
walls, pushing warm air higher in the building. That, in turn, pushes air out of the house. Warm air
(under pressure) will find any way it can to escape into the attic or out through band joists. The
higher the temperature difference, the greater the force. This causes infiltration from lower
sections of the building. The remedy is to inspect the attic and seal all air bypasses well before
insulation is installed. Also, pay special attention to how insulation is installed, and seal around
wires, ducts, and pipes that penetrate the barrier between living spaces and the attic.Flue
effectAny house with an atmospherically vented combustion appliance with a pilot light (furnace,
water heater, fireplace) will have flues for combustion gases. They often run from the basement
through the house and exit at the roof. Even when the furnace isn’t running, the pilot flame is
burning and causing a draft up the flue. This draft also carries conditioned home air with it so
there is constant loss of conditioned air. All flues work this way, which explains why fireplace
flues should always be closed when the fireplace is not being used.Another way to defeat this
energy-robbing phenomenon is to buy pilot-less appliances equipped with electronic ignition
and to install direct-vent or sealed combustion equipment wherever possible. This type of
appliance is typically vented through a sidewall of the house, not a chimney. It uses a double-
walled pipe that introduces fresh air for combustion while safely venting combustion gases.Tight
Houses Need VentilationAs we tighten up the house and seal all potential air leaks, we also have
to provide a way to introduce fresh air and expel stale air with mechanical ventilation. Many
builders wonder about the logic of tightening up the house so religiously only to install ventilation
equipment that seems to undo all that effort. The reason is that it’s much less expensive to
control the flow of fresh air in a sealed house with mechanical ventilation than it is to depend on
random air migration through the building envelope in a leaky house.Barbara Harwood, an
award-winning builder from Dallas, Tex., likes to say there is no such thing as a home that’s built
too tight. It’s only underventilated. Long ago, there were subcontractors who specialized in HVAC
(heating, ventilating, and air-conditioning). But somewhere along the line the “V” got dropped so
that most are now “HAC” contractors. Too bad, because the ventilation part of their moniker is
the most important one for good building performance.Mechanical ventilation also helps us
define the right pressurization of a house. Conventional homes with forced-air systems often
create negative pressure inside the house because of leaky return ducts. They suck air from the
house and draw in air from the outside. Add a dryer vent, a kitchen exhaust hood, and a
bathroom fan and the negative pressure can back-draft unburned gases from flues for the



furnace or water heater. This can introduce carbon monoxide in the house, a potentially fatal
problem (for more, see chapter 9, p. 173). A good mechanical ventilation system will create a
slightly positive pressure in the house that resists infiltration and prevents back-drafting. At a
minimum, the house should be pressure neutral.KNOW YOUR CLIMATEHouse design should
start with a sense of place:• What are the outstanding qualities of the climate (hot-dry, warm-
humid, cold-windy, Mediterranean-mild)?• What are the average high temperatures in the
summer and average lows in the winter?• How many months of the year MUST the house be air-
conditioned?• When the weather is mild (spring and fall) from which direction does the wind
blow?• What is the latitude of the site?• What is the angle of the sun off the horizon on June 21
and December 21?• How high is the water table?• What kinds of insects in the area may affect
the building (termites, carpenter ants) or the inhabitants (mosquitoes)?Heat recovery
ventilationHeat recovery ventilation, which is discussed in more detail in chapter 9, brings in
fresh air while exhausting indoor air. Heat recovery ventilators (HRVs) usually have two fans: one
pulling in fresh air and the other exhausting stale house air. Air streams pass each other through
an air-to-air heat exchanger that moderates incoming air by extracting heat from the conditioned
air and conveying it to the incoming air stream (just the opposite when you’re running an air-
conditioning system).Heat recovery ventilators are an effective way of taking the sting out of
ventilation systems that expel conditioned air that has, after all, been heated or cooled at our
expense.The Many Faces of WaterIf we think back to our high school physics classes, we’ll
remember that water can be a solid, a liquid, or a gas. In all of its forms—ice, rain, and vapor—
water can be a challenge to control in a building. Ice dams forming on roof edges allow water to
back up under shingles, get around the felt paper, and find its way into the house. In the form of
rain, water can penetrate siding, migrate into wall cavities, and cause mold and rot. As vapor, it
can enter wall cavities through switch plates and outlets or through any cracks in drywall
(between base molding and drywall edge, for instance) and get into wall cavities. Prevention of
moisture in all phases is our insurance of a durable house that will last 100 years or
more.CAPTURING LOST ENERGYA mechanical ventilation system is key to indoor air quality,
and a heat recovery ventilator (HRV) is one way of ensuring that energy losses are minimal. An
HRV tempers incoming air with exhausted air, which can be an effective energy saver in both
heating and cooling climates.Like heat, water wants to move. Understanding that process will
help us design houses that are more durable.GravityWater always flows downhill. Plumbers
know that, which is why they make so much money. But many of the trades have forgotten that
fact. We should always put felt paper on the roof from the eaves to the ridge with the upper
course overlapping the lower course—just like the scales on a fish. This is also critical for walls
where either housewrap or tarpaper is used. Housewrap with holes or tears in it can’t work as
designed, and no seam should face uphill. This may seem painfully obvious, but the fact is that
some builders don’t follow these simple rules.Whole-house mechanical ventilation keeps people
healthy. A heat recovery ventilator reduces energy losses by extracting energy in outgoing air
and using it to temper incoming air.DiffusionWater (like heat) always flows from areas of higher



concentration to areas of lower concentration. That means if we have saturated soil on one side
of a foundation wall and warm, dry conditions inside the house, water will try to find a way
through the concrete to the drier side. This is why foundations should always be treated to block
moisture and why perimeter footing drains and porous backfill around a foundation are
important.AIR MOVES MOISTUREMoisture can be carried into wall and ceiling cavities in a
process called vapor diffusion. Wall assemblies also need a way of drying out, even more
difficult when a vapor barrier is placed on both interior and exterior surfaces (A). In the second
instance, permeable interior finishes allow drying to the inside of the building (B).Capillary
actionCapillary action is the ability of water to flow through a material, from wet to dry. Just like
heat, moisture moves through materials based on their properties. Some are better at wicking
moisture (remember that was wood’s job when it was a tree), and some are more resistant
(petroleum-saturated felt paper, for instance). We need to know which building components will
be in contact with water and protect them with appropriate materials to resist the migration of
moisture.AirflowWater vapor goes where air moves it. Think of it as a hitchhiker on molecules of
air. If air can get into a wall cavity, so can moisture. It wouldn’t be such a problem if the people
inside the house would stop their bad habits that create a lot of moisture. But it seems we are
committed to taking showers, watering plants, boiling vegetables, and, worst of all, breathing. So
if we can’t change our behavior we need to prevent that moisture from getting into walls and
ceilings from the inside.The most effective way to reduce interior moisture is to collect it at its
source and get it out of the house. Installing good quality bathroom fans and range hoods (good
quality so they work quietly and people actually use them) is one obvious step. Another is
making sure that dryer vents are correctly installed and never terminate in a basement or
attic.Controlling Sound TransmissionIncreasingly, Americans are becoming aware of noise
pollution. Whether it is produced by a teen blasting music from his bedroom or a nearby freeway,
noise can be an unpleasant intrusion. We may aspire to peace of mind at home, but that’s hard
to do when we’re bombarded by loud and unexpected noises. It makes us irritable, distracted,
anxious, and hostile, sometimes without consciously making the connection to noise. Good
design and selection and installation of building materials can reduce the intrusions whether
they originate in the house or from outside.Carpet is not a cure-all for noisy houses. In fact, it is
typically only 15 percent to 20 percent absorptive. It would take four times as much carpet to
have the same impact as a typical acoustic material, which is about 80 percent absorptive.An
acoustics expert might tell you that controlling noise at the source is usually the best solution.
That works with your teenager’s stereo but many environmental sources of noise—highways,
trains, airplanes, nearby construction equipment—are beyond our control.Windows are often the
culpritWhen noise from the outside is a distraction, windows are often to blame. Exterior walls
will typically block at least 45 to 50 decibels of sound, but even a very high quality window might
not be able to block 40 decibels.Dual-pane windows with increased air space between the
sheets of glass improve acoustic isolation. “Superglass” windows, in which glass is combined
with a very thin layer, or layers, of plastic are even more effective (for more, see p. 140). Noise,



however, migrates through the weakest structural element, and that could be a door or
ventilation duct as well as a window. The acoustic isolation provided by a door is only as good as
the effectiveness of the door seal. If air can get around or under the door, so can
sound.MIGRATING WATERCapillary action can move water into places it wasn’t meant to go. In
the first instance below (A), a polyurethane barrier and coarse gravel stop the migration of some
water but the lack of a capillary break between the foundation wall and the footing allows
moisture to migrate into foundation walls. A capillary break (B) reduces the problem.Walls that
reduce soundWalls vary in their ability to reduce noise. A typical single-partition gypsum board/
stud wall will have a sound transmission class (STC) in the mid-30s depending on such
variables as the width of the stud and the amount and type of insulation in the wall cavity. Ideally,
one would want to match this wall with a similar STC rating for the glass opening. Thinner
laminated glass will equal a considerably thicker piece of plate glass.Typical wall construction of
2×4s on 16-in. centers with fiberglass insulation is not very effective in reducing sound.
Structural insulated panels or framed walls with exterior rigid foam are more effective. Cellulose
and foam insulation do a better job of reducing noise than conventional fiberglass batts
(although there are fiberglass batts explicitly designed for sound mitigation). The ideal
combination for houses close to noise sources would take advantage of SIPs, sided with
cementitious boards, along with Superglass® windows. This combination results in a very quiet
house and, coincidentally, is a recipe for a very energy-efficient home.Another option for homes
close to environmental noise is the staggered stud approach, which has the added advantage of
reducing thermal bridging. A further option is to add flexible C-channel to inside walls
perpendicular to the studs. These are placed on 16-in. centers as backing for drywall. The C-
channel absorbs some of the sound and isolates the drywall from the vibrations of the wall
assembly.Barriers and distance to block soundSomething as simple as increasing the distance
from the source of noise or putting other materials between the sound source and the house can
reduce unwanted noise. That can be a factor in deciding where to locate a house on the site,
assuming the size of the lot provides some wiggle room.Noise barriers are also a possibility.
They can be earth berms, solid walls, or neighboring buildings. Vegetation, by the way, provides
little if any reduction in noise. To be effective, barriers must block the line of sight between the
noise source and the house. A density of 4 lb. per sq. ft. is enough, providing there are no
openings in the wall. Barrier walls, however, won’t reduce noise by more than about 10
decibels.As cities and neighborhoods become ever more crowded and traffic increases, noise
becomes more difficult to control. While specialized construction techniques and materials can
be used to control noise transmission inside the house, we can’t do much about urban sprawl
and commuter traffic. If you can’t reduce sound to a satisfactory level by any other means, you
may have to combat noise with some of your own—an outdoor water feature, for example, that
masks an unpleasant sound with a soothing one.Putting It All TogetherWhat building science
tells us is that good design requires good thinking about the house as a system. By considering
the thermal properties of the home from a building science perspective, code becomes irrelevant



—not irrelevant to getting a building inspector’s blessing along with a certificate of occupancy
but irrelevant in terms of good construction.DECIBEL COMPARISON CHARTIn the Ear of the
BeholderNoise is measured in decibels, a logarithmic not a linear scale. An increase of 10 dB,
for example, is perceived as a doubling in sound. Choosing building materials carefully can
reduce the impact of unwanted sound substantially.SourceLevelThreshold of hearing (TOH)0
dBRustling leaves10 dBWhisper20 dBNormal conversation at 31⁄2 ft.60 dBBusy street traffic70
dBVacuum cleaner80 dBTrain whistle at 500 ft.90 dBLarge orchestra98 dBWalkman at
maximum level100 dBPower saw105 dBFront rows of rock concert110 dBThreshold of pain130
dBMilitary jet takeoff at 100 ft.140 dBInstant perforation of eardrum160 dBText © 2008 by David
Johnston and Scott GibsonIllustrations © 2008 by The Taunton Press, Inc.All rights
reserved.The Taunton Press, Inc., 63 South Main Street, PO Box 5506, Newtown, CT
06470-5506e-mail: tp@taunton.comEditor: Peter ChapmanCopy editor: Anne JonesIndexer:
James CurtisCover design: Scott Santoro, WorksightCover illustration: Bob La PointeInterior
design: Scott Santoro, WorksightLayout: Scott Santoro, WorksightIllustrator: Martha Garstang
Hill10 9 8 7 6The following manufacturers/names appearing in Green from the Ground Up are
trademarks: air-krete®, Andersen®, Cedar Breather®, Cor-A-Vent®, Corian®, Cracker Jack®,
Duette®, Dumpster®, Durisol Wall Forms®, EnergyStar®, Enerjoy®, FSCTM, GortexTM,
Grace Ice and Water Shield®, Gravely®, GreenSure®, Heat Mirror®, Home Slicker®, Hunter
Douglas®, Hylar®, IceStone®, InterfaceFlorTM, Kynar®, Lyptus®, MediteTM, Metlund®,
Micronal® PCM SmartBoard®, Milgard®, Mylar®, NuCrete®, PaperStoneTM, Polyureseal
BP®, Rainscreen®, Richlite®, Silestone®, SkyBlend®, SolaHart®, Superglass®,
Thermafiber®, Trex®, Typar®, Tyvek®, Tyvek Drainwrap®, Ultra Touch®, Wal-MartSM,
Zodiaq®Text © 2008 by David Johnston and Scott GibsonIllustrations © 2008 by The Taunton
Press, Inc.All rights reserved.The Taunton Press, Inc., 63 South Main Street, PO Box 5506,
Newtown, CT 06470-5506e-mail: tp@taunton.comEditor: Peter ChapmanCopy editor: Anne
JonesIndexer: James CurtisCover design: Scott Santoro, WorksightCover illustration: Bob La
PointeInterior design: Scott Santoro, WorksightLayout: Scott Santoro, WorksightIllustrator:
Martha Garstang Hill10 9 8 7 6The following manufacturers/names appearing in Green from
the Ground Up are trademarks: air-krete®, Andersen®, Cedar Breather®, Cor-A-Vent®,
Corian®, Cracker Jack®, Duette®, Dumpster®, Durisol Wall Forms®, EnergyStar®, Enerjoy®,
FSCTM, GortexTM, Grace Ice and Water Shield®, Gravely®, GreenSure®, Heat Mirror®,
Home Slicker®, Hunter Douglas®, Hylar®, IceStone®, InterfaceFlorTM, Kynar®, Lyptus®,
MediteTM, Metlund®, Micronal® PCM SmartBoard®, Milgard®, Mylar®, NuCrete®,
PaperStoneTM, Polyureseal BP®, Rainscreen®, Richlite®, Silestone®, SkyBlend®,
SolaHart®, Superglass®, Thermafiber®, Trex®, Typar®, Tyvek®, Tyvek Drainwrap®, Ultra
Touch®, Wal-MartSM, Zodiaq®Text © 2008 by David Johnston and Scott GibsonIllustrations ©
2008 by The Taunton Press, Inc.All rights reserved.The Taunton Press, Inc., 63 South Main
Street, PO Box 5506, Newtown, CT 06470-5506e-mail: tp@taunton.comEditor: Peter
ChapmanCopy editor: Anne JonesIndexer: James CurtisCover design: Scott Santoro,



WorksightCover illustration: Bob La PointeInterior design: Scott Santoro, WorksightLayout: Scott
Santoro, WorksightIllustrator: Martha Garstang HillISBN 978-1-62113-075-810 9 8 7 6The
following manufacturers/names appearing in Green from the Ground Up are trademarks: air-
krete®, Andersen®, Cedar Breather®, Cor-A-Vent®, Corian®, Cracker Jack®, Duette®,
Dumpster®, Durisol Wall Forms®, EnergyStar®, Enerjoy®, FSCTM, GortexTM, Grace Ice and
Water Shield®, Gravely®, GreenSure®, Heat Mirror®, Home Slicker®, Hunter Douglas®,
Hylar®, IceStone®, InterfaceFlorTM, Kynar®, Lyptus®, MediteTM, Metlund®, Micronal® PCM
SmartBoard®, Milgard®, Mylar®, NuCrete®, PaperStoneTM, Polyureseal BP®, Rainscreen®,
Richlite®, Silestone®, SkyBlend®, SolaHart®, Superglass®, Thermafiber®, Trex®, Typar®,
Tyvek®, Tyvek Drainwrap®, Ultra Touch®, Wal-MartSM, Zodiaq®For Charlie Wing, who taught
me how to build from the ground up.—DJFor Charlie Wing, who taught me how to build from the
ground up.—DJFor Charlie Wing, who taught me how to build from the ground up.—
DJACKNOWLEDGMENTSFirst, I want to thank Kelli Pousson and Kathryn Koberg for their
dedication and tireless work to make this book as beautiful and illustrative as possible. I thank
my wife, Elena, and my two dogs, Sundancer and Wind Dancer, for their patient understanding
these last few months. Without their support, I don’t know what I would have done.It has been an
absolute pleasure working with coauthor Scott Gibson and editor Peter Chapman. They have
been positive and inspiring. Most of all, I want to thank all the builders, remodelers, and
architects who have provided so much content and hundreds of photos to make the book rich
and accurate. I especially want to thank the Boulder Green Building Guild, the California Build It
Green program, , and the Master Builder’s Association of Seattle for their input, suggestions,
and contributions. They are leaders in the green building movement, changing the way we build
homes in America.As always, a book like this follows in the footsteps of the pioneers who have
made green building such an amazing phenomenon. Many thanks to Bill Reed, Doug Parker,
Marc Richmond, Brian Gitt, Carl Seville, Mark LaLiberte, Kristen Shewfelt, John Viner, Larry
Kinney, Tom Hoyt, Jim Leach, Debora Wright at CMHC, and Johnny Weis at Solar Energy
International.—DJ ACKNOWLEDGMENTSFirst, I want to thank Kelli Pousson and Kathryn
Koberg for their dedication and tireless work to make this book as beautiful and illustrative as
possible. I thank my wife, Elena, and my two dogs, Sundancer and Wind Dancer, for their patient
understanding these last few months. Without their support, I don’t know what I would have
done.It has been an absolute pleasure working with coauthor Scott Gibson and editor Peter
Chapman. They have been positive and inspiring. Most of all, I want to thank all the builders,
remodelers, and architects who have provided so much content and hundreds of photos to
make the book rich and accurate. I especially want to thank the Boulder Green Building Guild,
the California Build It Green program, , and the Master Builder’s Association of Seattle for their
input, suggestions, and contributions. They are leaders in the green building movement,
changing the way we build homes in America.As always, a book like this follows in the footsteps
of the pioneers who have made green building such an amazing phenomenon. Many thanks to
Bill Reed, Doug Parker, Marc Richmond, Brian Gitt, Carl Seville, Mark LaLiberte, Kristen



Shewfelt, John Viner, Larry Kinney, Tom Hoyt, Jim Leach, Debora Wright at CMHC, and Johnny
Weis at Solar Energy International.—DJ ACKNOWLEDGMENTSFirst, I want to thank Kelli
Pousson and Kathryn Koberg for their dedication and tireless work to make this book as
beautiful and illustrative as possible. I thank my wife, Elena, and my two dogs, Sundancer and
Wind Dancer, for their patient understanding these last few months. Without their support, I don’t
know what I would have done.It has been an absolute pleasure working with coauthor Scott
Gibson and editor Peter Chapman. They have been positive and inspiring. Most of all, I want to
thank all the builders, remodelers, and architects who have provided so much content and
hundreds of photos to make the book rich and accurate. I especially want to thank the Boulder
Green Building Guild, the California Build It Green program, , and the Master Builder’s
Association of Seattle for their input, suggestions, and contributions. They are leaders in the
green building movement, changing the way we build homes in America.As always, a book like
this follows in the footsteps of the pioneers who have made green building such an amazing
phenomenon. Many thanks to Bill Reed, Doug Parker, Marc Richmond, Brian Gitt, Carl Seville,
Mark LaLiberte, Kristen Shewfelt, John Viner, Larry Kinney, Tom Hoyt, Jim Leach, Debora
Wright at CMHC, and Johnny Weis at Solar Energy International.—DJ
ContentsINTRODUCTION1Green Building BasicsGreen Is No Longer on the FringeLots of
Green, Few Common StandardsDealing with the World around Us2The House as a SystemHow
Heat Is TransferredThermal TransmissionControlling Heat FlowAir LeakageAir BarriersAirflow
MechanismsTight Houses Need VentilationThe Many Faces of WaterControlling Sound
TransmissionPutting It All Together3Planning and DesignGet the Team on BoardSiting a House
for ComfortPlanning for Water Management4FoundationsFoundations Should Be
InsulatedForming Foundations with WoodImproving Concrete with Fly AshControlling Moisture
around FoundationsMake Crawl Spaces Generous5FramingAdvanced Framing Reduces
WasteWe Have Tree Farms, Not ForestsEngineered Lumber Makes SenseUsing Steel Studs
with Recycled ContentStructural Insulated Panels Are FastTimber-Frame Construction6Roofs
and AtticsFrame with TrussesAttic DuctworkSuperinsulated Attics and RoofsStopping Air Leaks
at the CeilingSheathing and Roof MembranesRoofing MaterialsLight Colors Reduce Heat
GainReally Green Roofs7Windows and DoorsWindow FramesGlazingPreventing Air and Water
LeaksInsulating Windows ThemselvesSkylights and Light TubesDoors8PlumbingDistributing
Hot Water EfficientlyWater HeatersEliminating the Wait for Hot WaterInsulate All Hot Water
PipesSaving Water by Reducing FlowPlumbing for Gray WaterAppliances That Save9Heating,
Ventilation, and Air-ConditioningDesigning a SystemForced-Air SystemsRadiant
SystemsHeating AppliancesGeothermal SystemsVentilationCooling10ElectricalWhat Drives
Demand?LightingLighting DesignEnergy-Efficient AppliancesElectric HeatingSolar and
Wind11InsulationOld Assumptions Don’t WorkForm Follows FunctionMaking Sense of Insulation
ChoicesLoose-Fill InsulationSpray-In InsulationRigid FoamRadiant Barriers12Siding and
DeckingDrainage PlanesSiding MaterialsDecking13Solar EnergySolar Hot WaterSolar
CollectorsActive Solar Space HeatingPhotovoltaics14Indoor Air QualitySetting Standards for



ExposureContaminants and Their Impact on HealthBuilding Products That Off-GasThe Cure for
Dirty Air15Interior FinishesChoosing Environmentally Friendly ProductsDrywallPaints, Finishes,
and AdhesivesInterior CabinetsCountertopsGreen Flooring16LandscapingEvaluate Site and
ClimateWorking with What’s ThereIntegrated Pest
ManagementAFTERWORDRESOURCESCREDITSINDEX ContentsINTRODUCTION1Green
Building BasicsGreen Is No Longer on the FringeLots of Green, Few Common
StandardsDealing with the World around Us2The House as a SystemHow Heat Is
TransferredThermal TransmissionControlling Heat FlowAir LeakageAir BarriersAirflow
MechanismsTight Houses Need VentilationThe Many Faces of WaterControlling Sound
TransmissionPutting It All Together3Planning and DesignGet the Team on BoardSiting a House
for ComfortPlanning for Water Management4FoundationsFoundations Should Be
InsulatedForming Foundations with WoodImproving Concrete with Fly AshControlling Moisture
around FoundationsMake Crawl Spaces Generous5FramingAdvanced Framing Reduces
WasteWe Have Tree Farms, Not ForestsEngineered Lumber Makes SenseUsing Steel Studs
with Recycled ContentStructural Insulated Panels Are FastTimber-Frame Construction6Roofs
and AtticsFrame with TrussesAttic DuctworkSuperinsulated Attics and RoofsStopping Air Leaks
at the CeilingSheathing and Roof MembranesRoofing MaterialsLight Colors Reduce Heat
GainReally Green Roofs7Windows and DoorsWindow FramesGlazingPreventing Air and Water
LeaksInsulating Windows ThemselvesSkylights and Light TubesDoors8PlumbingDistributing
Hot Water EfficientlyWater HeatersEliminating the Wait for Hot WaterInsulate All Hot Water
PipesSaving Water by Reducing FlowPlumbing for Gray WaterAppliances That Save9Heating,
Ventilation, and Air-ConditioningDesigning a SystemForced-Air SystemsRadiant
SystemsHeating AppliancesGeothermal SystemsVentilationCooling10ElectricalWhat Drives
Demand?LightingLighting DesignEnergy-Efficient AppliancesElectric HeatingSolar and
Wind11InsulationOld Assumptions Don’t WorkForm Follows FunctionMaking Sense of Insulation
ChoicesLoose-Fill InsulationSpray-In InsulationRigid FoamRadiant Barriers12Siding and
DeckingDrainage PlanesSiding MaterialsDecking13Solar EnergySolar Hot WaterSolar
CollectorsActive Solar Space HeatingPhotovoltaics14Indoor Air QualitySetting Standards for
ExposureContaminants and Their Impact on HealthBuilding Products That Off-GasThe Cure for
Dirty Air15Interior FinishesChoosing Environmentally Friendly ProductsDrywallPaints, Finishes,
and AdhesivesInterior CabinetsCountertopsGreen Flooring16LandscapingEvaluate Site and
ClimateWorking with What’s ThereIntegrated Pest
ManagementAFTERWORDRESOURCESCREDITSINDEX ContentsINTRODUCTION1Green
Building BasicsGreen Is No Longer on the FringeLots of Green, Few Common
StandardsDealing with the World around Us2The House as a SystemHow Heat Is
TransferredThermal TransmissionControlling Heat FlowAir LeakageAir BarriersAirflow
MechanismsTight Houses Need VentilationThe Many Faces of WaterControlling Sound
TransmissionPutting It All Together3Planning and DesignGet the Team on BoardSiting a House
for ComfortPlanning for Water Management4FoundationsFoundations Should Be



InsulatedForming Foundations with WoodImproving Concrete with Fly AshControlling Moisture
around FoundationsMake Crawl Spaces Generous5FramingAdvanced Framing Reduces
WasteWe Have Tree Farms, Not ForestsEngineered Lumber Makes SenseUsing Steel Studs
with Recycled ContentStructural Insulated Panels Are FastTimber-Frame Construction6Roofs
and AtticsFrame with TrussesAttic DuctworkSuperinsulated Attics and RoofsStopping Air Leaks
at the CeilingSheathing and Roof MembranesRoofing MaterialsLight Colors Reduce Heat
GainReally Green Roofs7Windows and DoorsWindow FramesGlazingPreventing Air and Water
LeaksInsulating Windows ThemselvesSkylights and Light TubesDoors8PlumbingDistributing
Hot Water EfficientlyWater HeatersEliminating the Wait for Hot WaterInsulate All Hot Water
PipesSaving Water by Reducing FlowPlumbing for Gray WaterAppliances That Save9Heating,
Ventilation, and Air-ConditioningDesigning a SystemForced-Air SystemsRadiant
SystemsHeating AppliancesGeothermal SystemsVentilationCooling10ElectricalWhat Drives
Demand?LightingLighting DesignEnergy-Efficient AppliancesElectric HeatingSolar and
Wind11InsulationOld Assumptions Don’t WorkForm Follows FunctionMaking Sense of Insulation
ChoicesLoose-Fill InsulationSpray-In InsulationRigid FoamRadiant Barriers12Siding and
DeckingDrainage PlanesSiding MaterialsDecking13Solar EnergySolar Hot WaterSolar
CollectorsActive Solar Space HeatingPhotovoltaics14Indoor Air QualitySetting Standards for
ExposureContaminants and Their Impact on HealthBuilding Products That Off-GasThe Cure for
Dirty Air15Interior FinishesChoosing Environmentally Friendly ProductsDrywallPaints, Finishes,
and AdhesivesInterior CabinetsCountertopsGreen Flooring16LandscapingEvaluate Site and
ClimateWorking with What’s ThereIntegrated Pest
ManagementAFTERWORDRESOURCESCREDITSINDEX ContentsINTRODUCTION1Green
Building BasicsGreen Is No Longer on the FringeLots of Green, Few Common
StandardsDealing with the World around Us2The House as a SystemHow Heat Is
TransferredThermal TransmissionControlling Heat FlowAir LeakageAir BarriersAirflow
MechanismsTight Houses Need VentilationThe Many Faces of WaterControlling Sound
TransmissionPutting It All Together3Planning and DesignGet the Team on BoardSiting a House
for ComfortPlanning for Water Management4FoundationsFoundations Should Be
InsulatedForming Foundations with WoodImproving Concrete with Fly AshControlling Moisture
around FoundationsMake Crawl Spaces Generous5FramingAdvanced Framing Reduces
WasteWe Have Tree Farms, Not ForestsEngineered Lumber Makes SenseUsing Steel Studs
with Recycled ContentStructural Insulated Panels Are FastTimber-Frame Construction6Roofs
and AtticsFrame with TrussesAttic DuctworkSuperinsulated Attics and RoofsStopping Air Leaks
at the CeilingSheathing and Roof MembranesRoofing MaterialsLight Colors Reduce Heat
GainReally Green Roofs7Windows and DoorsWindow FramesGlazingPreventing Air and Water
LeaksInsulating Windows ThemselvesSkylights and Light TubesDoors8PlumbingDistributing
Hot Water EfficientlyWater HeatersEliminating the Wait for Hot WaterInsulate All Hot Water
PipesSaving Water by Reducing FlowPlumbing for Gray WaterAppliances That Save9Heating,
Ventilation, and Air-ConditioningDesigning a SystemForced-Air SystemsRadiant



SystemsHeating AppliancesGeothermal SystemsVentilationCooling10ElectricalWhat Drives
Demand?LightingLighting DesignEnergy-Efficient AppliancesElectric HeatingSolar and
Wind11InsulationOld Assumptions Don’t WorkForm Follows FunctionMaking Sense of Insulation
ChoicesLoose-Fill InsulationSpray-In InsulationRigid FoamRadiant Barriers12Siding and
DeckingDrainage PlanesSiding MaterialsDecking13Solar EnergySolar Hot WaterSolar
CollectorsActive Solar Space HeatingPhotovoltaics14Indoor Air QualitySetting Standards for
ExposureContaminants and Their Impact on HealthBuilding Products That Off-GasThe Cure for
Dirty Air15Interior FinishesChoosing Environmentally Friendly ProductsDrywallPaints, Finishes,
and AdhesivesInterior CabinetsCountertopsGreen Flooring16LandscapingEvaluate Site and
ClimateWorking with What’s ThereIntegrated Pest
ManagementAFTERWORDRESOURCESCREDITSINDEXINTRODUCTIONMy passion for
green building is based on experience. I know that building green results in better houses and
that it improves the lives of the people who live in them, not to mention the health of our
planet.For 10 years, I ran a construction company in Washington, D.C., called Lightworks
Construction. We focused on solar construction. When the solar tax credit expired in 1985,
everything changed. The momentum of the solar industry ground to a halt, and it didn’t get going
again for nearly 20 years. With the financial incentive gone, we began specializing in building
and remodeling super energy-efficient and innovative houses, offices, and restaurants. Our job
was to over-deliver and delight our clients by transforming their homes and offices into more
comfortable, efficient spaces. Although the term had not yet been coined, we were pioneers in
what is now known as “green building.”In 1992, I sold my construction company and set off to
discover the new, big-business ideas that would make the world a more sustainable place. I
interviewed CEOs from over 50 cutting-edge companies. I spoke with manufacturers, investment
firms, inventive providers of services, and consultants and leaders in the construction industry.
Over the course of those countless conversations, it became clear that many sectors of the
economy were converging on a new business model, one with the potential to change the way
our homes are built and how they work—and, I hoped, with the potential to lead us to a less
challenging future for our children.Jim Leach, a leading solar builder in Boulder, Col., was one of
the visionaries who illuminated this fresh way of thinking for me. He was also the one who first
told me about a new field called “green building.” Finally, there was a word that described how
we built at Lightworks. For me, green building was the perfect way to marry my love of
construction with my desire to improve the quality of life for America’s homeowners. And I got to
do something good for the planet.Grand aspirations are fine, but the real difficulties always show
up in the details. I moved to Boulder, where I’d gone to school, explicitly to start a green building
program. I met with the Boulder Home Builders Association (HBA), and we started a green
building committee to explore the issues and opportunities in green building. A few builders,
inspired by Jim Leach’s enthusiasm, joined forces with us, and the HBA board soon passed a
resolution to develop a program.At about the same time, the city of Boulder decided to update
the local energy code, which had been adopted after the energy crisis in the 1970s. They



wanted to incorporate resource conservation and indoor air quality into a green building program
that would keep up with the growing number of local green builders. Within a year the second
and third green building programs in the country were on the books; the Denver Home Builders
Association adopted the Boulder program and the City of Boulder enacted a green building
code. That’s what launched this stage of my career.My new company was called What’s
Working. As a recovering builder, I was actively involved as a consultant and trainer in green
building programs around the country. With Kim Master, who joined the company in 2003, I
wrote Green Remodeling: Changing the World One Room at a Time to fill the niche for
homeowners and remodelers who wanted a how-to book to guide their green remodels.Since
then, the increased interest in green building has been nothing short of astonishing. Green is
everywhere, and everything points to long-term changes in how home buyers and home builders
will do business. Where this leaves builders is another story. It’s fine for consumers to clamor for
“green” houses, but what does that mean, exactly, to the person who is responsible for
translating that into a real house? It’s no less confusing for the prospective homeowner who
wants a green house but isn’t sure what that entails.This book offers a way to get there, not by
adopting wildly new building technologies and materials but mostly by using what’s already on
hand. One step at a time, builders can move from conventional construction to something far
richer for themselves and the people who buy their homes. It works.David Johnston Boulder,
ColoradoINTRODUCTIONMy passion for green building is based on experience. I know that
building green results in better houses and that it improves the lives of the people who live in
them, not to mention the health of our planet.For 10 years, I ran a construction company in
Washington, D.C., called Lightworks Construction. We focused on solar construction. When the
solar tax credit expired in 1985, everything changed. The momentum of the solar industry
ground to a halt, and it didn’t get going again for nearly 20 years. With the financial incentive
gone, we began specializing in building and remodeling super energy-efficient and innovative
houses, offices, and restaurants. Our job was to over-deliver and delight our clients by
transforming their homes and offices into more comfortable, efficient spaces. Although the term
had not yet been coined, we were pioneers in what is now known as “green building.”In 1992, I
sold my construction company and set off to discover the new, big-business ideas that would
make the world a more sustainable place. I interviewed CEOs from over 50 cutting-edge
companies. I spoke with manufacturers, investment firms, inventive providers of services, and
consultants and leaders in the construction industry. Over the course of those countless
conversations, it became clear that many sectors of the economy were converging on a new
business model, one with the potential to change the way our homes are built and how they work
—and, I hoped, with the potential to lead us to a less challenging future for our children.Jim
Leach, a leading solar builder in Boulder, Col., was one of the visionaries who illuminated this
fresh way of thinking for me. He was also the one who first told me about a new field called
“green building.” Finally, there was a word that described how we built at Lightworks. For me,
green building was the perfect way to marry my love of construction with my desire to improve



the quality of life for America’s homeowners. And I got to do something good for the
planet.Grand aspirations are fine, but the real difficulties always show up in the details. I moved
to Boulder, where I’d gone to school, explicitly to start a green building program. I met with the
Boulder Home Builders Association (HBA), and we started a green building committee to
explore the issues and opportunities in green building. A few builders, inspired by Jim Leach’s
enthusiasm, joined forces with us, and the HBA board soon passed a resolution to develop a
program.At about the same time, the city of Boulder decided to update the local energy code,
which had been adopted after the energy crisis in the 1970s. They wanted to incorporate
resource conservation and indoor air quality into a green building program that would keep up
with the growing number of local green builders. Within a year the second and third green
building programs in the country were on the books; the Denver Home Builders Association
adopted the Boulder program and the City of Boulder enacted a green building code. That’s
what launched this stage of my career.My new company was called What’s Working. As a
recovering builder, I was actively involved as a consultant and trainer in green building programs
around the country. With Kim Master, who joined the company in 2003, I wrote Green
Remodeling: Changing the World One Room at a Time to fill the niche for homeowners and
remodelers who wanted a how-to book to guide their green remodels.Since then, the increased
interest in green building has been nothing short of astonishing. Green is everywhere, and
everything points to long-term changes in how home buyers and home builders will do business.
Where this leaves builders is another story. It’s fine for consumers to clamor for “green” houses,
but what does that mean, exactly, to the person who is responsible for translating that into a real
house? It’s no less confusing for the prospective homeowner who wants a green house but isn’t
sure what that entails.This book offers a way to get there, not by adopting wildly new building
technologies and materials but mostly by using what’s already on hand. One step at a time,
builders can move from conventional construction to something far richer for themselves and the
people who buy their homes. It works.David Johnston Boulder, ColoradoINTRODUCTIONMy
passion for green building is based on experience. I know that building green results in better
houses and that it improves the lives of the people who live in them, not to mention the health of
our planet.For 10 years, I ran a construction company in Washington, D.C., called Lightworks
Construction. We focused on solar construction. When the solar tax credit expired in 1985,
everything changed. The momentum of the solar industry ground to a halt, and it didn’t get going
again for nearly 20 years. With the financial incentive gone, we began specializing in building
and remodeling super energy-efficient and innovative houses, offices, and restaurants. Our job
was to over-deliver and delight our clients by transforming their homes and offices into more
comfortable, efficient spaces. Although the term had not yet been coined, we were pioneers in
what is now known as “green building.”In 1992, I sold my construction company and set off to
discover the new, big-business ideas that would make the world a more sustainable place. I
interviewed CEOs from over 50 cutting-edge companies. I spoke with manufacturers, investment
firms, inventive providers of services, and consultants and leaders in the construction industry.



Over the course of those countless conversations, it became clear that many sectors of the
economy were converging on a new business model, one with the potential to change the way
our homes are built and how they work—and, I hoped, with the potential to lead us to a less
challenging future for our children.Jim Leach, a leading solar builder in Boulder, Col., was one of
the visionaries who illuminated this fresh way of thinking for me. He was also the one who first
told me about a new field called “green building.” Finally, there was a word that described how
we built at Lightworks. For me, green building was the perfect way to marry my love of
construction with my desire to improve the quality of life for America’s homeowners. And I got to
do something good for the planet.Grand aspirations are fine, but the real difficulties always show
up in the details. I moved to Boulder, where I’d gone to school, explicitly to start a green building
program. I met with the Boulder Home Builders Association (HBA), and we started a green
building committee to explore the issues and opportunities in green building. A few builders,
inspired by Jim Leach’s enthusiasm, joined forces with us, and the HBA board soon passed a
resolution to develop a program.At about the same time, the city of Boulder decided to update
the local energy code, which had been adopted after the energy crisis in the 1970s. They
wanted to incorporate resource conservation and indoor air quality into a green building program
that would keep up with the growing number of local green builders. Within a year the second
and third green building programs in the country were on the books; the Denver Home Builders
Association adopted the Boulder program and the City of Boulder enacted a green building
code. That’s what launched this stage of my career.My new company was called What’s
Working. As a recovering builder, I was actively involved as a consultant and trainer in green
building programs around the country. With Kim Master, who joined the company in 2003, I
wrote Green Remodeling: Changing the World One Room at a Time to fill the niche for
homeowners and remodelers who wanted a how-to book to guide their green remodels.Since
then, the increased interest in green building has been nothing short of astonishing. Green is
everywhere, and everything points to long-term changes in how home buyers and home builders
will do business. Where this leaves builders is another story. It’s fine for consumers to clamor for
“green” houses, but what does that mean, exactly, to the person who is responsible for
translating that into a real house? It’s no less confusing for the prospective homeowner who
wants a green house but isn’t sure what that entails.This book offers a way to get there, not by
adopting wildly new building technologies and materials but mostly by using what’s already on
hand. One step at a time, builders can move from conventional construction to something far
richer for themselves and the people who buy their homes. It works.David Johnston Boulder,
ColoradoOur built environment is changing the world significantly and, it would seem,
irrevocably. Global climate change and the steady depletion of essential natural resources are
making the news. More devastating natural disasters, such as Hurricane Katrina in 2005, and
painfully high energy costs may be an inevitable part of our future, and residential construction is
partly to blame. More than a million single-family homes are built every year in the United States
alone. All of those houses consume an inordinate amount of natural resources and energy.



Maybe that’s why green building seems to be taking root, not as a passing fancy but as a
fundamental change in how and why we build the houses we live in.What we alternately call
green building or sustainable building is a way for people to make a positive difference in the
world around them—if not reversing, then at least reducing the impact of humankind on the
planet. Not coincidentally, it has its own practical rewards on a scale that all of us can
immediately understand. If becoming model citizens of Planet Earth is too much to get our arms
around, living in healthier, more comfortable houses that are less expensive to operate and last
longer is certainly an attractive idea. Who wouldn’t want to participate in something like that?
THE GREEN FACTORGreen building encompasses every part of construction, not just the
house itself but everything around it, and how the house and its occupants relate to the
community around them. In theory, it can seem simple. In practice, it can get complicated. At its
most basic, green building is a tripod of three interrelated goals:• Energy efficiency, the
cornerstone of any green building project. A well-designed and green-built home consumes as
little energy as possible and uses renewable sources of energy whenever possible. Lower
energy use not only saves homeowners money but also has broader societal benefits, including
fewer disruptions in energy supplies, better air quality, and reduced global climate
change.• Conservation of natural resources. Conventional building needlessly consumes large
quantities of wood, water, metal, and fossil fuels. There are great varieties of effective building
strategies that conserve natural resources and provide other benefits, such as lower costs.
Strategies include the use of durable products to reduce waste and specifying recycled-content
products that reuse natural resources.• Indoor air quality. Poor indoor air quality is often caused
by mold and mildew that are the result of leaks or poorly designed and maintained heating and
cooling systems. Another common source of indoor air pollution is the off-gassing of chemicals
found in many building materials. Some are known carcinogens.Green building is ultimately
about the relationship of a house and its occupants to the world around them. It’s a process of
design and construction that fosters the conservation of energy and other natural resources and
promotes a healthy environment.In essence, that’s what green building is about. It’s not a
scorecard where we rack up the number of recycled building materials we use, nor is it a
requirement to buy a roof’s worth of solar panels or put a wind generator up in the backyard.
Green building might include some or all of these things, but it’s a lot more than that. Green
building is a systematic approach that covers every step of design and construction from land
use and site planning to materials selection, energy efficiency, and indoor air quality. All of this
will be covered, step by step, in the chapters that follow.Green Is No Longer on the FringeGreen
is hot. According to a survey conducted by McGraw-Hill Construction, demand for green building
had outpaced supply by early 2007 as home buyers looked for greater energy efficiency. The
National Association of Home Builders (NAHB), a trade group not known for making wild
predictions, now believes we’ve reached the tipping point when half or more of its members are
incorporating green features into the homes they build. Even the modular housing industry is
getting into the act with a growing list of designers coming up with houses that embrace the



goals of sustainable building, not simply fast construction.Green building shows every sign of
becoming a self-fulfilling prophecy: The more people are exposed to the benefits of green
homes, the more green homes will be built. Coast-to-coast, the home-buying public is asking for
green features from their architects and builders.Interiors built to sustainable building standards
don’t have to look odd. These cabinets are made from panel products that don’t off-gas toxins
and are manufactured with materials that can be harvested sustainably. Water-based and
natural finishes keep occupants healthier than those loaded with volatile organic compounds.
The wallpaper is made from renewable cork.So where did all this start?It really began in Austin,
Texas, in 1992 when the city’s green building program won a sustainable development award
from the United Nations’ Earth Summit in Rio de Janeiro. That put green building on the map,
and builders working on the fringes of conventional construction used the healthy-living, energy-
saving objectives of green building as a unifying theme. Over the next several years, alternative
building techniques such as straw-bale, rammed earth, and adobe construction received a lot of
press.By 1996, the Denver Home Builders Association was developing the first private sector
green building program in the country. Although it met with great resistance, the board approved
the plan by a single vote. At the same time, Boulder, Col., became the first city in the country to
make sustainable building part of its city code. If you wanted a building permit, you had to have
50 “green points” on the permit application. Both the Denver and Boulder programs got the
attention of the construction industry as well as city officials across the country. Cities from
Atlanta to Seattle launched green building programs, then home builder associations around the
country picked up on Denver’s example. By 1999, there were more than 50 local programs
countrywide.Alternative designs of the 1970s may have been inexpensive to build and heat, but
they lacked a diversity of design that turned off many potential converts. This house incorporates
structural insulated panels, insulating concrete forms, and other green features yet looks entirely
contemporary.Smart planning can include the placement of windows for solar gain, thereby
reducing energy bills, and using concrete as a finish material on floors. Minimizing carpeting
reduces the threat of mold and allergens. A ceiling fan and operable windows aid ventilation.Lots
of Green, Few Common StandardsThere were plenty of green building programs, but not much
common ground. Each of the country’s local programs had its own definitions of what it meant to
be green, and builders working under more than one of the programs could easily be confused.
In the Aspen, Col., area alone, for example, builders in the late 1990s could choose from among
four separate green programs.The NAHB soon started thinking about what production
homebuilders needed to know, and the association later published its own set of guidelines.
They are just that—guidelines that may be adopted by builders as they see fit. Local or statewide
programs scattered elsewhere across the country may follow the NAHB Green Building
Guidelines’ lead of suggesting without requiring, or they may set measurable performance
standards. The Energy Star® program of the U.S. Environmental Protection Agency has
included indoor air quality as part of its energy-saving initiative. MASCO, a large conglomerate
of building product manufacturers, has its Environments For Living (EFL) program that certifies



builders at progressive levels of home performance (see ).BUILDING WITH STRAWStraw-bale
construction will probably never be mainstream but it does satisfy at least three important goals
for green building: straw is a renewable resource that can be harvested locally, it’s relatively
inexpensive, and straw-bale walls have high R-values for energy efficiency.Straw can be used as
infill—meaning a structural framework actually carries building loads—or the bales can be
formed into structural walls without any additional framework. Once the bales have been stacked
into walls and pinned together, they’re covered with wire mesh and finished with stucco to make
them weather tight and durable.It can take several hundred bales of straw to make a house, but
the raw material is an agricultural waste product that can come from any one of several crops—
wheat, oat, barley, and rye among them. Some 200 million tons of straw are produced in the U.S.
annually, so there’s plenty of it available.Straw bale is a low-tech construction method that can
be managed without a lot of building background, which makes it appealing to owner-builders
trying to save money. If low cost is appealing, so is performance. A bale of straw has an R-value
of about 28, and the stucco finish protects against both pest infestations and fire.On the
downside, the availability of straw probably has something to do with where you live. It must be
kept dry during construction, and code officials in some parts of the country aren’t familiar with it
so approval is not likely to be automatic. If you want to learn more, there is a variety of sources
for information, including .Early green building programs were a magnet for new ideas and
practices aimed at making houses more energy efficient and less expensive to build. One result
was a wider interest in straw-bale construction.RAMMED EARTH AND ADOBEBoth rammed
earth and adobe houses seem nearly ideal from a green point of view and, in many ways, they
are. The appeal of both techniques is that the Earth itself is the basic raw material for the
building envelope. It would be hard to top that on a scale of sustainability.Traditional adobe
houses are made from earthen bricks that have dried in the sun and are laid in courses to form
walls. Modern versions can be stabilized with cement. The gently rounded contours and thick
walls of these houses are an architectural trademark of the southwestern U.S. and Mexico.
Because building materials can be taken directly from the site they’re inexpensive, and adobe
has high mass, although not necessarily a high R-value.There’s probably no reason that adobe
houses couldn’t be built outside their traditional geographic stronghold. But on a practical level,
you’ll also need hot, sunny weather and the right kind of soil to make the bricks, as well as
experienced builders who know how to work with the material. You’re not likely to find those
conditions in Tacoma, Cincinnati, or Boston. If you have adobe bricks trucked in, it’s going to get
very expensive.Rammed earth is another green-friendly building technology in which soil mixed
with a small amount of cement is compacted with hydraulic tools in forms to create walls up to 2
ft. thick. Walls are extremely heavy—100 lb. or more per sq. ft.—so these houses call for sturdy
concrete stem-wall foundations.Building a rammed earth home is not a beginner’s game. It takes
specialized equipment as well as know-how, and the labor-intensive process isn’t inexpensive.
Rammed Earth Development, a Tucson, Arizona-based company specializing in this technique,
estimates that a rammed earth house starts at nearly $200 per sq. ft. Ironically, even though



walls are made from earth, not any kind of soil will do. Rammed Earth says site soil is used only
rarely because most of it doesn’t have the right mix of ingredients. It’s actually cheaper to buy
screened fill, according to the company.Both building techniques are appealing for their use of
natural materials, if not their inherent beauty. But a variety of factors is likely to keep them
confined to a limited geographic region. Good sources to learn more about it include Rammed
Earth’s website () and another for a California company founded by David Easton, an early
practitioner of the craft ().Rammed earth and adobe structures are made from earth, making
these materials “sustainable” in the truest sense of the word.A way out of this morass arrived in
2000 in the form of the Leadership in Energy and Environmental Design program (or just LEED
for short), a set of specific, measurable building standards developed by the U.S. Green Building
Council for commercial construction. By 2006, it had evolved into a pilot program called LEED
for Homes that was headed for full-scale adoption sometime in 2007.To date, LEED is the only
national green building program that puts the exact requirements for earning green status in
writing and requires independent verification that buildings are constructed that way. And this is
key. Over time, consumers are almost certain to become far more educated and a lot less
tolerant of slippery definitions of green building: “Is that house really green?” they’ll ask. “Prove
it.” Without published standards that can be certified in the field by independent inspectors, it will
be very difficult for builders to show homebuyers they’re getting what they paid for.In spite of, or
maybe because of, the proliferation of green building initiatives and published guidelines, there
is still ample room for confusion among builders who want to build green. Not only are there a
number of programs to choose from, but their different criteria can compete with one another.
For example, durability of building components is an important consideration because it’s one
way of reducing waste. Vinyl siding lasts a long time but there are concerns about dioxin and
other dangerous by-products that result from the manufacture and incineration of polyvinyl
chloride. So, can a house built to sustainable standards include vinyl products? If so, which ones
are acceptable and which are not?House size poses another such dilemma. Suppose a house
built for two people includes a variety of recycled products and energy-saving building
techniques or is even capable of operating completely off the grid—but it’s 6,000 sq. ft. and cost
$500 per sq. ft. to build. It uses far more resources than an average-size house, and certainly far
more than is necessary for a single couple. Can such a house really be considered green?
MYTH #1: GREEN BUILDING IS FOR TREEHUGGERSYes, committed environmentalists do
like green building. But green building is not for extremists. It’s going mainstream. According to
an estimate from the Environmental Home Center in Seattle, the overall market for sustainable
building materials is about $20 billion a year, and it’s expected to grow more than 10 percent
annually. That makes it big business.Why are a growing number of consumers buying into green
building? Rising energy prices are certainly a big reason. Consumers are beginning to realize
that sustainably built houses mean lower heating and cooling costs.Health is another major
reason: Our health and well-being are notably affected by the large amount of time we spend
indoors. According to the American College of Allergy, Asthma, and Immunology, more than 38



percent of Americans suffer from allergies. According to the U.S. Centers for Disease Control,
the number of asthma cases grew by 75 percent from 1980 to 1994—to more than 17
million.Since when is saving money and enjoying good health an issue for any particular cultural
or political minority?MYTH #2: GREEN BUILDING IS TOO EXPENSIVESome green building
components do cost more. But many cost less. When thinking green is part of the initial planning
process, it’s easier and less expensive to incorporate features that significantly lower operating
and maintenance costs.For example, passive solar design coupled with high-performance
insulation can make a conventional furnace or boiler unnecessary. Orienting a house to take
advantage of solar energy does not in itself cost a penny more than standard construction.
Adding a few windows and investing in insulation does cost money, but the rewards on the other
side of the ledger are far more substantial, initially and over the life of the house.Many builders
have found that the real cost is in learning new techniques. Products themselves are becoming
more readily available and more affordable as major manufacturers develop new lines to meet
consumer demand.MYTH #3: GREEN BUILDING IS UGLYGreen buildings do not have to look
like yurts. True, a yurt can have its own beauty, but understandably not everyone wants to live in
one. Uniformity or plainness of design is one factor that hampered wider acceptance of
alternative building practices back in the 1970s (let’s face it, some of those houses were just
plain ugly). But a green home can look like any other house: colonial, modern, southwest, ranch
—you name it. Even on the inside, green homes can be just as varied in design, just as stunning,
as any conventional home.On another level, green buildings are inherently more beautiful
because builders and homeowners take the time to understand how the house works and what
materials will work better than conventional products. Reclaimed wood, recycled glass, certified
lumber—the list of beautiful green materials is very long indeed.A green house that doesn’t
necessarily look it: This pleasant bungalow-style house in Hawaii uses long-wearing steel
roofing made to facilitate the addition of photovoltaic panels at a later date. The bungalow
design with deep overhangs and protected porches suits the climate perfectly.GETTING
BIGGERIn 1973, the average new single-family home in the U.S. measured 1,660 sq. ft. By
2005, the size had risen to 2,434 sq. ft.—an increase of 46 percent. That still may seem modest,
but in some parts of the country, huge houses are the norm. In Boulder County, Col., for
example, the average new house is 6,000 sq. ft. In Aspen, Col., it’s 15,000 sq. ft.There may be
no perfect answer to these questions, only a process to balance competing interests. For
builders and consumers alike, it can be a bewildering process.Dealing with the World around
UsPolitical history and diversity aside, the nation’s green building programs share a common
goal—building houses that recognize some uncomfortable realities in the world around us.
Some of the most important fundamentals of sustainable building—energy and resource
conservation and indoor air quality—are a reaction to a world very different than it was a decade
ago. Seen in this light, sustainable building is a practical response to a variety of issues that
affect us all.Increasingly savvy home buyers want assurances that their new home is “green.” A
passive solar design with south-facing glass, formaldehyde-free cabinet components, and



flooring from sustainable sources can contribute to certification.Energy supplies are
peakingLet’s start with something known as “peak oil,” the hypothetical moment when the world
has pumped the maximum possible number of barrels per day out of the ground. After that, oil
production starts to decline. The U.S. hit its peak in the mid-1970s. Many oil geologists believe
the world will hit peak production sometime in the next decade. Whether we reach that point in
two years or 10 years, we are nearing the end of the cheap oil era. That’s alarming enough on its
own, even more so when you consider that buildings are responsible for at least 40 percent of all
energy consumption in the U.S.As recently as the mid-1990s, energy experts assumed there
was enough natural gas to serve as the transitional fuel from a petroleum economy to a
hydrogen economy. It is a near-perfect fuel—abundant, domestic, clean-burning, and relatively
inexpensive. As a result, turbines that burned natural gas were built to augment many coal-fired
plants in the U.S. Then the domestic supply of natural gas began to decline. Gas wells stopped
producing but demand kept growing with the construction of both buildings and power plants.
From 2002 to 2004, natural gas prices doubled in much of the U.S. In some markets, prices went
up even higher.Buildings contribute over 40 percent of the total greenhouse gases in the
atmosphere, more than either industry or transportation alone.ENERGY SUPPLY GAPWith the
end of the oil era in sight, energy planners had hoped that methane would bridge the gap
between an oil-based economy and one fueled by hydrogen. But a sharp increase in demand for
natural gas along with limited supplies has produced an energy gap that may spell shortages
ahead.Adapted from J. Ausubel, 1996 “Can Technology Spare the Earth?” American Scientist, v.
84, p. 169.The U.S. started to import natural gas from Canada and Mexico through new
pipelines. Today, we are close to using the total volume of available gas from all North American
sources. In some parts of the country, there are not enough pipelines to meet the demands of
growing communities.Oil is easily shipped in tankers. But natural gas must be compressed,
liquefied, and shipped at very low temperatures in huge refrigerated tanks aboard a ship. Due to
the potential danger in handling liquefied natural gas (LNG), there is tremendous resistance to
installing off-loading facilities in U.S. ports. As a result, we don’t have the capacity to import
much LNG. It, too, will become increasing expensive and harder to get.Because of these and
other factors, energy conservation is a cornerstone of green building. Cutting energy use has an
obvious and immediate effect on how much it costs to heat and cool a house. Not worried about
how much oil is left in Saudi Arabia? OK, green building can be about your heating bill next
winter.Climate change means a tougher environmentScientists may argue about the ultimate
cause, but climate change is certainly upon us. Most people recognize it as “weird” weather.
Everywhere in the world, local weather patterns change in unpredictable ways. There are more
intense hurricanes like Katrina, longer droughts like those in East Africa, unheard of floods in
New England and Ohio, and more violent weather events such as tornados.This office was
made from a variety of green building products, including structural insulated panels and
engineered structural beams, but cost only $75 per sq. ft. Located in Colorado, its radiant floor
heating is driven by a conventional water heater.Most experts lay the blame on higher



concentrations of carbon dioxide (CO2) in the atmosphere. It’s called a “greenhouse gas”
because it traps heat that would otherwise be radiated back into space. And the problem feeds
on itself. As more CO2 builds up, it in turn traps more heat, which accelerates the process. Take,
for example, what happens in the arctic when ice melts due to higher global temperatures. As
the ice cap melts, more of the dark ocean is exposed and more heat is absorbed, which helps to
melt more ice. This “positive feedback loop” is a cycle: more heat, less ice, and a faster rate of
melting.Green building’s response is to cut the amount of carbon dioxide produced directly and
indirectly by encouraging the use of renewable energy sources where possible and recycled
products or products that take less energy to produce. The result is a smaller “carbon footprint.”
This is why zero-energy homes, houses that produce as much electricity as they consume, are
springing up across the country.GREENHOUSE GAS EMISSIONSA steady increase in
concentrations of atmospheric carbon dioxide is behind a sustainable building goal of reducing
the “carbon footprint” of houses and their occupants. CO2 has increased from 280 parts per
million prior to industrialization to 381 ppm in 2005. The timeline in this chart is from 1958
through 2005 at the Mauna Loa Observatory in Hawaii and shows seasonal spikes even as
overall concentrations rise.Adapted from: Carbon Dioxide Information Analysis Center.Roof-
mounted solar panels are one way of reducing the consumption of fossil fuels and shrinking the
“carbon footprint” of a house.Water isn’t boundless, eitherThe U.S. uses water so flagrantly that
many of us may not think of it as a finite resource. After all, two-thirds of the planet is covered in
water and it’s raining somewhere all the time. What few of us realize is that less than 1 percent of
the planet’s water is drinkable. Most of the earth’s fresh water is frozen in the polar ice caps.
What we have been living on is surface water, aquifer water, and fossil water.Surface water,
found in lakes, rivers, and streams, is confined primarily to the region where it is found—the
Great Lakes, for instance, or the Colorado River. Aquifer water, replenished by rainfall that seeps
into the earth, is what we tap into when we drill wells in drier areas. Fossil water is like oil: It will
never be replenished. All three are being challenged from either pollution or overuse.As climate
change becomes more intense, rainfall patterns around the world will change. Some regions will
get more, some significantly less. In the U.S., predictions are that the western U.S. will become
increasingly drier over the next 20 years with the possibility of a drought to rival the one that
produced the Dust Bowl in the 1930s. The huge but shallow Ogallala Aquifer under the Great
Plains from the Dakotas to Texas is dropping at the rate of 30 ft. per year, and the less it rains the
faster it is drawn down. Northwest China is one of the four largest grain-producing areas in the
world and feeds China today. But it runs on fossil water, which may be completely gone in the
next five years. What happens then?Many Americans have taken clean water for granted, but
increasing pressure is taking its toll. Aquifers once thought to be nearly limitless are dropping
rapidly as a growing population competes for a finite resource.Decreasing water supplies, along
with rapidly rising energy prices, will bring higher food prices. Competition for food will also lead
to increased conflict over food-growing areas and water sources.Seen in context, those 10-gal.-
a-minute bathroom shower spas may not look quite as appealing. Water conservation becomes



an obvious component of green building and goes a long way toward explaining an emphasis on
water-saving toilets, low-flow showerheads, and landscaping that doesn’t require much
watering.Other natural resources on the waneStructures—residential, commercial, and industrial
—account for 40 percent of all natural resources consumed in a single year. Yet construction of
the average 2,000-sq.-ft. house also yields 50 to 150 cu. yd., or 8,000 to 12,000 lb., of
construction waste. Most of that ends up in landfills.MYTH #4: GREEN BUILDING DOESN’T
WORKThe list of consumer concerns about how well a green building works is long: “The low-
flow showerheads leak.” “Bamboo flooring warps easily.” “Zero-VOC paint doesn’t cover walls as
well as the paint I’ve always used.” “Compact fluorescent lights give off a weird bluish glare.”
Some complaints have been justified, but these concerns tend to focus on exceptions rather
than on the big picture.In general, sustainably built houses tend to be more energy efficient,
more durable, and less costly to maintain. That said, some green products have had quality
issues. But keep in mind that conventional products have also had quality concerns, not to
mention unacceptable effects on our health and the environment.Many green products were
designed to do something better than a conventional product, not specifically because they
could be considered “green.” Inevitably, if a green building product does not work, market forces
will force it off the shelves, just as under performing conventional products are gradually
abandoned in favor of something else. Today, manufacturers of low-flow showerheads, bamboo
flooring, and low-VOC paint are creating reliable products. Although the industry has had some
growing pains, in the end green building is simply better building.Construction debris from a
single house can be measured by the ton, but some builders are getting smarter about recycling
waste and reusing building components. Dismantling this house provided a wealth of material
that could be reused and kept recyclables out of the landfill.RECYCLING PAYSBuilders may look
on jobsite recycling as a pain in the neck. It’s much easier, isn’t it, to have a big Dumpster®
dropped at the site? By the time the house is done, the Dumpster is full and everyone goes
home happy.That may be standard practice in many parts of the country, but finding ways to
recycle waste at the jobsite can ultimately be much cheaper, as builders in some communities
have already discovered. In Portland, Ore., disposal fees for garbage were about $71 per ton in
2005 (plus a $7.50 transaction fee). Most construction waste could be dropped off at a recycling
center for fees that topped out at $35. In the very worst-case scenario, recycling cost half as
much as throwing it in the Dumpster, probably less.Too much lumber can compromise the
resource efficiency of a house.That rate of consumption simply isn’t sustainable. It amounts to
using 1.2 planets’ worth of resources to take care of just one planet of about 6 billion people.
When we hit 8.5 billion people in the year 2025 or so, those resources will have to be stretched a
great deal thinner.Wood is the most renewable of resources used in the building industry, and
we use plenty of it for new houses. An increasing amount of it comes from tree plantations, not
real forests, hence a green emphasis on making supplies go further and not converting natural
forests to tree farms. Advanced framing techniques and the use of structural insulated panels,
engineered wood, and Forest Stewardship Council certified–lumber can all help. Those



practices are explained in chapter 5.Americans make up 5 percent of the world’s population but
use 25 percent of the world’s resources.A variety of metals are also used in building—copper
pipe, steel framing and structural supports, aluminum flashing, and metal roofing. Three billion
tons of raw materials are turned into foundations, walls, pipes, and panels every year. Using
materials in their highest and best use is critical. Increasing the proportion of recycled materials
helps reduce waste.Green building is, above all else, applied common sense. Yet the building
industry is agonizingly slow to change, partly because it takes time for new technologies and
building practices to filter into the field and partly because builders, many of whom run small
businesses, are reluctant to take risks on “new” ideas that have not been proven. They have their
reasons: polybutylene pipe that sprang leaks, hardboard siding that rotted in humid climates,
and a variety of other products that never quite lived up to the hype. They cost builders millions
in claims and callbacks. Even so, sustainable building practices, designing and building homes
using a whole system approach, and the products that go with them will eventually overcome
those misgivings. It’s not a gimmick. It’s just good building.Landscaping that promotes natural
plants and uses water wisely has twin benefits: houses look as if they fit the landscape more
comfortably and water use can be cut dramatically. BEST PRACTICES• Test your market and
set priorities for what’s important to homebuyers in your area. It might be energy conservation,
indoor air quality, water conservation, or something else specific to your community or
region.• If sustainable building is something new to you, try not to do everything at once.
Choose a priority and get good at that. Then branch out.• Get your staff and your subs on board
with what you’re trying to accomplish. Once everyone realizes that building green is important to
the future of the company, they’ll be more likely to help put it into practice and they’ll probably
have good ideas of their own to contribute.As interest among consumers increases, so do the
number of reliable and attractive green building products. Natural finishes, tile made from
recycled glass, and cabinets constructed of bamboo contribute to the look of this kitchen.Our
built environment is changing the world significantly and, it would seem, irrevocably. Global
climate change and the steady depletion of essential natural resources are making the news.
More devastating natural disasters, such as Hurricane Katrina in 2005, and painfully high energy
costs may be an inevitable part of our future, and residential construction is partly to blame.
More than a million single-family homes are built every year in the United States alone. All of
those houses consume an inordinate amount of natural resources and energy. Maybe that’s why
green building seems to be taking root, not as a passing fancy but as a fundamental change in
how and why we build the houses we live in.What we alternately call green building or
sustainable building is a way for people to make a positive difference in the world around them—
if not reversing, then at least reducing the impact of humankind on the planet. Not coincidentally,
it has its own practical rewards on a scale that all of us can immediately understand. If becoming
model citizens of Planet Earth is too much to get our arms around, living in healthier, more
comfortable houses that are less expensive to operate and last longer is certainly an attractive
idea. Who wouldn’t want to participate in something like that? THE GREEN FACTORGreen



building encompasses every part of construction, not just the house itself but everything around
it, and how the house and its occupants relate to the community around them. In theory, it can
seem simple. In practice, it can get complicated. At its most basic, green building is a tripod of
three interrelated goals:• Energy efficiency, the cornerstone of any green building project. A well-
designed and green-built home consumes as little energy as possible and uses renewable
sources of energy whenever possible. Lower energy use not only saves homeowners money but
also has broader societal benefits, including fewer disruptions in energy supplies, better air
quality, and reduced global climate change.• Conservation of natural resources. Conventional
building needlessly consumes large quantities of wood, water, metal, and fossil fuels. There are
great varieties of effective building strategies that conserve natural resources and provide other
benefits, such as lower costs. Strategies include the use of durable products to reduce waste
and specifying recycled-content products that reuse natural resources.• Indoor air quality. Poor
indoor air quality is often caused by mold and mildew that are the result of leaks or poorly
designed and maintained heating and cooling systems. Another common source of indoor air
pollution is the off-gassing of chemicals found in many building materials. Some are known
carcinogens.Green building is ultimately about the relationship of a house and its occupants to
the world around them. It’s a process of design and construction that fosters the conservation of
energy and other natural resources and promotes a healthy environment.In essence, that’s what
green building is about. It’s not a scorecard where we rack up the number of recycled building
materials we use, nor is it a requirement to buy a roof’s worth of solar panels or put a wind
generator up in the backyard. Green building might include some or all of these things, but it’s a
lot more than that. Green building is a systematic approach that covers every step of design and
construction from land use and site planning to materials selection, energy efficiency, and indoor
air quality. All of this will be covered, step by step, in the chapters that follow.Green Is No Longer
on the FringeGreen is hot. According to a survey conducted by McGraw-Hill Construction,
demand for green building had outpaced supply by early 2007 as home buyers looked for
greater energy efficiency. The National Association of Home Builders (NAHB), a trade group not
known for making wild predictions, now believes we’ve reached the tipping point when half or
more of its members are incorporating green features into the homes they build. Even the
modular housing industry is getting into the act with a growing list of designers coming up with
houses that embrace the goals of sustainable building, not simply fast construction.Green
building shows every sign of becoming a self-fulfilling prophecy: The more people are exposed
to the benefits of green homes, the more green homes will be built. Coast-to-coast, the home-
buying public is asking for green features from their architects and builders.Interiors built to
sustainable building standards don’t have to look odd. These cabinets are made from panel
products that don’t off-gas toxins and are manufactured with materials that can be harvested
sustainably. Water-based and natural finishes keep occupants healthier than those loaded with
volatile organic compounds. The wallpaper is made from renewable cork.So where did all this
start?It really began in Austin, Texas, in 1992 when the city’s green building program won a



sustainable development award from the United Nations’ Earth Summit in Rio de Janeiro. That
put green building on the map, and builders working on the fringes of conventional construction
used the healthy-living, energy-saving objectives of green building as a unifying theme. Over the
next several years, alternative building techniques such as straw-bale, rammed earth, and
adobe construction received a lot of press.By 1996, the Denver Home Builders Association was
developing the first private sector green building program in the country. Although it met with
great resistance, the board approved the plan by a single vote. At the same time, Boulder, Col.,
became the first city in the country to make sustainable building part of its city code. If you
wanted a building permit, you had to have 50 “green points” on the permit application. Both the
Denver and Boulder programs got the attention of the construction industry as well as city
officials across the country. Cities from Atlanta to Seattle launched green building programs,
then home builder associations around the country picked up on Denver’s example. By 1999,
there were more than 50 local programs countrywide.Alternative designs of the 1970s may have
been inexpensive to build and heat, but they lacked a diversity of design that turned off many
potential converts. This house incorporates structural insulated panels, insulating concrete
forms, and other green features yet looks entirely contemporary.Smart planning can include the
placement of windows for solar gain, thereby reducing energy bills, and using concrete as a
finish material on floors. Minimizing carpeting reduces the threat of mold and allergens. A ceiling
fan and operable windows aid ventilation.Lots of Green, Few Common StandardsThere were
plenty of green building programs, but not much common ground. Each of the country’s local
programs had its own definitions of what it meant to be green, and builders working under more
than one of the programs could easily be confused. In the Aspen, Col., area alone, for example,
builders in the late 1990s could choose from among four separate green programs.The NAHB
soon started thinking about what production homebuilders needed to know, and the association
later published its own set of guidelines. They are just that—guidelines that may be adopted by
builders as they see fit. Local or statewide programs scattered elsewhere across the country
may follow the NAHB Green Building Guidelines’ lead of suggesting without requiring, or they
may set measurable performance standards. The Energy Star® program of the U.S.
Environmental Protection Agency has included indoor air quality as part of its energy-saving
initiative. MASCO, a large conglomerate of building product manufacturers, has its Environments
For Living (EFL) program that certifies builders at progressive levels of home performance
(see ).BUILDING WITH STRAWStraw-bale construction will probably never be mainstream but it
does satisfy at least three important goals for green building: straw is a renewable resource that
can be harvested locally, it’s relatively inexpensive, and straw-bale walls have high R-values for
energy efficiency.Straw can be used as infill—meaning a structural framework actually carries
building loads—or the bales can be formed into structural walls without any additional
framework. Once the bales have been stacked into walls and pinned together, they’re covered
with wire mesh and finished with stucco to make them weather tight and durable.It can take
several hundred bales of straw to make a house, but the raw material is an agricultural waste



product that can come from any one of several crops—wheat, oat, barley, and rye among them.
Some 200 million tons of straw are produced in the U.S. annually, so there’s plenty of it
available.Straw bale is a low-tech construction method that can be managed without a lot of
building background, which makes it appealing to owner-builders trying to save money. If low
cost is appealing, so is performance. A bale of straw has an R-value of about 28, and the stucco
finish protects against both pest infestations and fire.On the downside, the availability of straw
probably has something to do with where you live. It must be kept dry during construction, and
code officials in some parts of the country aren’t familiar with it so approval is not likely to be
automatic. If you want to learn more, there is a variety of sources for information, including .Early
green building programs were a magnet for new ideas and practices aimed at making houses
more energy efficient and less expensive to build. One result was a wider interest in straw-bale
construction.RAMMED EARTH AND ADOBEBoth rammed earth and adobe houses seem
nearly ideal from a green point of view and, in many ways, they are. The appeal of both
techniques is that the Earth itself is the basic raw material for the building envelope. It would be
hard to top that on a scale of sustainability.Traditional adobe houses are made from earthen
bricks that have dried in the sun and are laid in courses to form walls. Modern versions can be
stabilized with cement. The gently rounded contours and thick walls of these houses are an
architectural trademark of the southwestern U.S. and Mexico. Because building materials can be
taken directly from the site they’re inexpensive, and adobe has high mass, although not
necessarily a high R-value.There’s probably no reason that adobe houses couldn’t be built
outside their traditional geographic stronghold. But on a practical level, you’ll also need hot,
sunny weather and the right kind of soil to make the bricks, as well as experienced builders who
know how to work with the material. You’re not likely to find those conditions in Tacoma,
Cincinnati, or Boston. If you have adobe bricks trucked in, it’s going to get very
expensive.Rammed earth is another green-friendly building technology in which soil mixed with
a small amount of cement is compacted with hydraulic tools in forms to create walls up to 2 ft.
thick. Walls are extremely heavy—100 lb. or more per sq. ft.—so these houses call for sturdy
concrete stem-wall foundations.Building a rammed earth home is not a beginner’s game. It takes
specialized equipment as well as know-how, and the labor-intensive process isn’t inexpensive.
Rammed Earth Development, a Tucson, Arizona-based company specializing in this technique,
estimates that a rammed earth house starts at nearly $200 per sq. ft. Ironically, even though
walls are made from earth, not any kind of soil will do. Rammed Earth says site soil is used only
rarely because most of it doesn’t have the right mix of ingredients. It’s actually cheaper to buy
screened fill, according to the company.Both building techniques are appealing for their use of
natural materials, if not their inherent beauty. But a variety of factors is likely to keep them
confined to a limited geographic region. Good sources to learn more about it include Rammed
Earth’s website () and another for a California company founded by David Easton, an early
practitioner of the craft ().Rammed earth and adobe structures are made from earth, making
these materials “sustainable” in the truest sense of the word.A way out of this morass arrived in



2000 in the form of the Leadership in Energy and Environmental Design program (or just LEED
for short), a set of specific, measurable building standards developed by the U.S. Green Building
Council for commercial construction. By 2006, it had evolved into a pilot program called LEED
for Homes that was headed for full-scale adoption sometime in 2007.To date, LEED is the only
national green building program that puts the exact requirements for earning green status in
writing and requires independent verification that buildings are constructed that way. And this is
key. Over time, consumers are almost certain to become far more educated and a lot less
tolerant of slippery definitions of green building: “Is that house really green?” they’ll ask. “Prove
it.” Without published standards that can be certified in the field by independent inspectors, it will
be very difficult for builders to show homebuyers they’re getting what they paid for.In spite of, or
maybe because of, the proliferation of green building initiatives and published guidelines, there
is still ample room for confusion among builders who want to build green. Not only are there a
number of programs to choose from, but their different criteria can compete with one another.
For example, durability of building components is an important consideration because it’s one
way of reducing waste. Vinyl siding lasts a long time but there are concerns about dioxin and
other dangerous by-products that result from the manufacture and incineration of polyvinyl
chloride. So, can a house built to sustainable standards include vinyl products? If so, which ones
are acceptable and which are not?House size poses another such dilemma. Suppose a house
built for two people includes a variety of recycled products and energy-saving building
techniques or is even capable of operating completely off the grid—but it’s 6,000 sq. ft. and cost
$500 per sq. ft. to build. It uses far more resources than an average-size house, and certainly far
more than is necessary for a single couple. Can such a house really be considered green?
MYTH #1: GREEN BUILDING IS FOR TREEHUGGERSYes, committed environmentalists do
like green building. But green building is not for extremists. It’s going mainstream. According to
an estimate from the Environmental Home Center in Seattle, the overall market for sustainable
building materials is about $20 billion a year, and it’s expected to grow more than 10 percent
annually. That makes it big business.Why are a growing number of consumers buying into green
building? Rising energy prices are certainly a big reason. Consumers are beginning to realize
that sustainably built houses mean lower heating and cooling costs.Health is another major
reason: Our health and well-being are notably affected by the large amount of time we spend
indoors. According to the American College of Allergy, Asthma, and Immunology, more than 38
percent of Americans suffer from allergies. According to the U.S. Centers for Disease Control,
the number of asthma cases grew by 75 percent from 1980 to 1994—to more than 17
million.Since when is saving money and enjoying good health an issue for any particular cultural
or political minority?MYTH #2: GREEN BUILDING IS TOO EXPENSIVESome green building
components do cost more. But many cost less. When thinking green is part of the initial planning
process, it’s easier and less expensive to incorporate features that significantly lower operating
and maintenance costs.For example, passive solar design coupled with high-performance
insulation can make a conventional furnace or boiler unnecessary. Orienting a house to take



advantage of solar energy does not in itself cost a penny more than standard construction.
Adding a few windows and investing in insulation does cost money, but the rewards on the other
side of the ledger are far more substantial, initially and over the life of the house.Many builders
have found that the real cost is in learning new techniques. Products themselves are becoming
more readily available and more affordable as major manufacturers develop new lines to meet
consumer demand.MYTH #3: GREEN BUILDING IS UGLYGreen buildings do not have to look
like yurts. True, a yurt can have its own beauty, but understandably not everyone wants to live in
one. Uniformity or plainness of design is one factor that hampered wider acceptance of
alternative building practices back in the 1970s (let’s face it, some of those houses were just
plain ugly). But a green home can look like any other house: colonial, modern, southwest, ranch
—you name it. Even on the inside, green homes can be just as varied in design, just as stunning,
as any conventional home.On another level, green buildings are inherently more beautiful
because builders and homeowners take the time to understand how the house works and what
materials will work better than conventional products. Reclaimed wood, recycled glass, certified
lumber—the list of beautiful green materials is very long indeed.A green house that doesn’t
necessarily look it: This pleasant bungalow-style house in Hawaii uses long-wearing steel
roofing made to facilitate the addition of photovoltaic panels at a later date. The bungalow
design with deep overhangs and protected porches suits the climate perfectly.GETTING
BIGGERIn 1973, the average new single-family home in the U.S. measured 1,660 sq. ft. By
2005, the size had risen to 2,434 sq. ft.—an increase of 46 percent. That still may seem modest,
but in some parts of the country, huge houses are the norm. In Boulder County, Col., for
example, the average new house is 6,000 sq. ft. In Aspen, Col., it’s 15,000 sq. ft.There may be
no perfect answer to these questions, only a process to balance competing interests. For
builders and consumers alike, it can be a bewildering process.Dealing with the World around
UsPolitical history and diversity aside, the nation’s green building programs share a common
goal—building houses that recognize some uncomfortable realities in the world around us.
Some of the most important fundamentals of sustainable building—energy and resource
conservation and indoor air quality—are a reaction to a world very different than it was a decade
ago. Seen in this light, sustainable building is a practical response to a variety of issues that
affect us all.Increasingly savvy home buyers want assurances that their new home is “green.” A
passive solar design with south-facing glass, formaldehyde-free cabinet components, and
flooring from sustainable sources can contribute to certification.Energy supplies are
peakingLet’s start with something known as “peak oil,” the hypothetical moment when the world
has pumped the maximum possible number of barrels per day out of the ground. After that, oil
production starts to decline. The U.S. hit its peak in the mid-1970s. Many oil geologists believe
the world will hit peak production sometime in the next decade. Whether we reach that point in
two years or 10 years, we are nearing the end of the cheap oil era. That’s alarming enough on its
own, even more so when you consider that buildings are responsible for at least 40 percent of all
energy consumption in the U.S.As recently as the mid-1990s, energy experts assumed there



was enough natural gas to serve as the transitional fuel from a petroleum economy to a
hydrogen economy. It is a near-perfect fuel—abundant, domestic, clean-burning, and relatively
inexpensive. As a result, turbines that burned natural gas were built to augment many coal-fired
plants in the U.S. Then the domestic supply of natural gas began to decline. Gas wells stopped
producing but demand kept growing with the construction of both buildings and power plants.
From 2002 to 2004, natural gas prices doubled in much of the U.S. In some markets, prices went
up even higher.Buildings contribute over 40 percent of the total greenhouse gases in the
atmosphere, more than either industry or transportation alone.ENERGY SUPPLY GAPWith the
end of the oil era in sight, energy planners had hoped that methane would bridge the gap
between an oil-based economy and one fueled by hydrogen. But a sharp increase in demand for
natural gas along with limited supplies has produced an energy gap that may spell shortages
ahead.Adapted from J. Ausubel, 1996 “Can Technology Spare the Earth?” American Scientist, v.
84, p. 169.The U.S. started to import natural gas from Canada and Mexico through new
pipelines. Today, we are close to using the total volume of available gas from all North American
sources. In some parts of the country, there are not enough pipelines to meet the demands of
growing communities.Oil is easily shipped in tankers. But natural gas must be compressed,
liquefied, and shipped at very low temperatures in huge refrigerated tanks aboard a ship. Due to
the potential danger in handling liquefied natural gas (LNG), there is tremendous resistance to
installing off-loading facilities in U.S. ports. As a result, we don’t have the capacity to import
much LNG. It, too, will become increasing expensive and harder to get.Because of these and
other factors, energy conservation is a cornerstone of green building. Cutting energy use has an
obvious and immediate effect on how much it costs to heat and cool a house. Not worried about
how much oil is left in Saudi Arabia? OK, green building can be about your heating bill next
winter.Climate change means a tougher environmentScientists may argue about the ultimate
cause, but climate change is certainly upon us. Most people recognize it as “weird” weather.
Everywhere in the world, local weather patterns change in unpredictable ways. There are more
intense hurricanes like Katrina, longer droughts like those in East Africa, unheard of floods in
New England and Ohio, and more violent weather events such as tornados.This office was
made from a variety of green building products, including structural insulated panels and
engineered structural beams, but cost only $75 per sq. ft. Located in Colorado, its radiant floor
heating is driven by a conventional water heater.Most experts lay the blame on higher
concentrations of carbon dioxide (CO2) in the atmosphere. It’s called a “greenhouse gas”
because it traps heat that would otherwise be radiated back into space. And the problem feeds
on itself. As more CO2 builds up, it in turn traps more heat, which accelerates the process. Take,
for example, what happens in the arctic when ice melts due to higher global temperatures. As
the ice cap melts, more of the dark ocean is exposed and more heat is absorbed, which helps to
melt more ice. This “positive feedback loop” is a cycle: more heat, less ice, and a faster rate of
melting.Green building’s response is to cut the amount of carbon dioxide produced directly and
indirectly by encouraging the use of renewable energy sources where possible and recycled



products or products that take less energy to produce. The result is a smaller “carbon footprint.”
This is why zero-energy homes, houses that produce as much electricity as they consume, are
springing up across the country.GREENHOUSE GAS EMISSIONSA steady increase in
concentrations of atmospheric carbon dioxide is behind a sustainable building goal of reducing
the “carbon footprint” of houses and their occupants. CO2 has increased from 280 parts per
million prior to industrialization to 381 ppm in 2005. The timeline in this chart is from 1958
through 2005 at the Mauna Loa Observatory in Hawaii and shows seasonal spikes even as
overall concentrations rise.Adapted from: Carbon Dioxide Information Analysis Center.Roof-
mounted solar panels are one way of reducing the consumption of fossil fuels and shrinking the
“carbon footprint” of a house.Water isn’t boundless, eitherThe U.S. uses water so flagrantly that
many of us may not think of it as a finite resource. After all, two-thirds of the planet is covered in
water and it’s raining somewhere all the time. What few of us realize is that less than 1 percent of
the planet’s water is drinkable. Most of the earth’s fresh water is frozen in the polar ice caps.
What we have been living on is surface water, aquifer water, and fossil water.Surface water,
found in lakes, rivers, and streams, is confined primarily to the region where it is found—the
Great Lakes, for instance, or the Colorado River. Aquifer water, replenished by rainfall that seeps
into the earth, is what we tap into when we drill wells in drier areas. Fossil water is like oil: It will
never be replenished. All three are being challenged from either pollution or overuse.As climate
change becomes more intense, rainfall patterns around the world will change. Some regions will
get more, some significantly less. In the U.S., predictions are that the western U.S. will become
increasingly drier over the next 20 years with the possibility of a drought to rival the one that
produced the Dust Bowl in the 1930s. The huge but shallow Ogallala Aquifer under the Great
Plains from the Dakotas to Texas is dropping at the rate of 30 ft. per year, and the less it rains the
faster it is drawn down. Northwest China is one of the four largest grain-producing areas in the
world and feeds China today. But it runs on fossil water, which may be completely gone in the
next five years. What happens then?Many Americans have taken clean water for granted, but
increasing pressure is taking its toll. Aquifers once thought to be nearly limitless are dropping
rapidly as a growing population competes for a finite resource.Decreasing water supplies, along
with rapidly rising energy prices, will bring higher food prices. Competition for food will also lead
to increased conflict over food-growing areas and water sources.Seen in context, those 10-gal.-
a-minute bathroom shower spas may not look quite as appealing. Water conservation becomes
an obvious component of green building and goes a long way toward explaining an emphasis on
water-saving toilets, low-flow showerheads, and landscaping that doesn’t require much
watering.Other natural resources on the waneStructures—residential, commercial, and industrial
—account for 40 percent of all natural resources consumed in a single year. Yet construction of
the average 2,000-sq.-ft. house also yields 50 to 150 cu. yd., or 8,000 to 12,000 lb., of
construction waste. Most of that ends up in landfills.MYTH #4: GREEN BUILDING DOESN’T
WORKThe list of consumer concerns about how well a green building works is long: “The low-
flow showerheads leak.” “Bamboo flooring warps easily.” “Zero-VOC paint doesn’t cover walls as



well as the paint I’ve always used.” “Compact fluorescent lights give off a weird bluish glare.”
Some complaints have been justified, but these concerns tend to focus on exceptions rather
than on the big picture.In general, sustainably built houses tend to be more energy efficient,
more durable, and less costly to maintain. That said, some green products have had quality
issues. But keep in mind that conventional products have also had quality concerns, not to
mention unacceptable effects on our health and the environment.Many green products were
designed to do something better than a conventional product, not specifically because they
could be considered “green.” Inevitably, if a green building product does not work, market forces
will force it off the shelves, just as under performing conventional products are gradually
abandoned in favor of something else. Today, manufacturers of low-flow showerheads, bamboo
flooring, and low-VOC paint are creating reliable products. Although the industry has had some
growing pains, in the end green building is simply better building.Construction debris from a
single house can be measured by the ton, but some builders are getting smarter about recycling
waste and reusing building components. Dismantling this house provided a wealth of material
that could be reused and kept recyclables out of the landfill.RECYCLING PAYSBuilders may look
on jobsite recycling as a pain in the neck. It’s much easier, isn’t it, to have a big Dumpster®
dropped at the site? By the time the house is done, the Dumpster is full and everyone goes
home happy.That may be standard practice in many parts of the country, but finding ways to
recycle waste at the jobsite can ultimately be much cheaper, as builders in some communities
have already discovered. In Portland, Ore., disposal fees for garbage were about $71 per ton in
2005 (plus a $7.50 transaction fee). Most construction waste could be dropped off at a recycling
center for fees that topped out at $35. In the very worst-case scenario, recycling cost half as
much as throwing it in the Dumpster, probably less.Too much lumber can compromise the
resource efficiency of a house.That rate of consumption simply isn’t sustainable. It amounts to
using 1.2 planets’ worth of resources to take care of just one planet of about 6 billion people.
When we hit 8.5 billion people in the year 2025 or so, those resources will have to be stretched a
great deal thinner.Wood is the most renewable of resources used in the building industry, and
we use plenty of it for new houses. An increasing amount of it comes from tree plantations, not
real forests, hence a green emphasis on making supplies go further and not converting natural
forests to tree farms. Advanced framing techniques and the use of structural insulated panels,
engineered wood, and Forest Stewardship Council certified–lumber can all help. Those
practices are explained in chapter 5.Americans make up 5 percent of the world’s population but
use 25 percent of the world’s resources.A variety of metals are also used in building—copper
pipe, steel framing and structural supports, aluminum flashing, and metal roofing. Three billion
tons of raw materials are turned into foundations, walls, pipes, and panels every year. Using
materials in their highest and best use is critical. Increasing the proportion of recycled materials
helps reduce waste.Green building is, above all else, applied common sense. Yet the building
industry is agonizingly slow to change, partly because it takes time for new technologies and
building practices to filter into the field and partly because builders, many of whom run small



businesses, are reluctant to take risks on “new” ideas that have not been proven. They have their
reasons: polybutylene pipe that sprang leaks, hardboard siding that rotted in humid climates,
and a variety of other products that never quite lived up to the hype. They cost builders millions
in claims and callbacks. Even so, sustainable building practices, designing and building homes
using a whole system approach, and the products that go with them will eventually overcome
those misgivings. It’s not a gimmick. It’s just good building.Landscaping that promotes natural
plants and uses water wisely has twin benefits: houses look as if they fit the landscape more
comfortably and water use can be cut dramatically. BEST PRACTICES• Test your market and
set priorities for what’s important to homebuyers in your area. It might be energy conservation,
indoor air quality, water conservation, or something else specific to your community or
region.• If sustainable building is something new to you, try not to do everything at once.
Choose a priority and get good at that. Then branch out.• Get your staff and your subs on board
with what you’re trying to accomplish. Once everyone realizes that building green is important to
the future of the company, they’ll be more likely to help put it into practice and they’ll probably
have good ideas of their own to contribute.As interest among consumers increases, so do the
number of reliable and attractive green building products. Natural finishes, tile made from
recycled glass, and cabinets constructed of bamboo contribute to the look of this kitchen.Our
built environment is changing the world significantly and, it would seem, irrevocably. Global
climate change and the steady depletion of essential natural resources are making the news.
More devastating natural disasters, such as Hurricane Katrina in 2005, and painfully high energy
costs may be an inevitable part of our future, and residential construction is partly to blame.
More than a million single-family homes are built every year in the United States alone. All of
those houses consume an inordinate amount of natural resources and energy. Maybe that’s why
green building seems to be taking root, not as a passing fancy but as a fundamental change in
how and why we build the houses we live in.What we alternately call green building or
sustainable building is a way for people to make a positive difference in the world around them—
if not reversing, then at least reducing the impact of humankind on the planet. Not coincidentally,
it has its own practical rewards on a scale that all of us can immediately understand. If becoming
model citizens of Planet Earth is too much to get our arms around, living in healthier, more
comfortable houses that are less expensive to operate and last longer is certainly an attractive
idea. Who wouldn’t want to participate in something like that? THE GREEN FACTORGreen
building encompasses every part of construction, not just the house itself but everything around
it, and how the house and its occupants relate to the community around them. In theory, it can
seem simple. In practice, it can get complicated. At its most basic, green building is a tripod of
three interrelated goals:• Energy efficiency, the cornerstone of any green building project. A well-
designed and green-built home consumes as little energy as possible and uses renewable
sources of energy whenever possible. Lower energy use not only saves homeowners money but
also has broader societal benefits, including fewer disruptions in energy supplies, better air
quality, and reduced global climate change.• Conservation of natural resources. Conventional



building needlessly consumes large quantities of wood, water, metal, and fossil fuels. There are
great varieties of effective building strategies that conserve natural resources and provide other
benefits, such as lower costs. Strategies include the use of durable products to reduce waste
and specifying recycled-content products that reuse natural resources.• Indoor air quality. Poor
indoor air quality is often caused by mold and mildew that are the result of leaks or poorly
designed and maintained heating and cooling systems. Another common source of indoor air
pollution is the off-gassing of chemicals found in many building materials. Some are known
carcinogens. THE GREEN FACTORGreen building encompasses every part of construction,
not just the house itself but everything around it, and how the house and its occupants relate to
the community around them. In theory, it can seem simple. In practice, it can get complicated. At
its most basic, green building is a tripod of three interrelated goals:• Energy efficiency, the
cornerstone of any green building project. A well-designed and green-built home consumes as
little energy as possible and uses renewable sources of energy whenever possible. Lower
energy use not only saves homeowners money but also has broader societal benefits, including
fewer disruptions in energy supplies, better air quality, and reduced global climate
change.• Conservation of natural resources. Conventional building needlessly consumes large
quantities of wood, water, metal, and fossil fuels. There are great varieties of effective building
strategies that conserve natural resources and provide other benefits, such as lower costs.
Strategies include the use of durable products to reduce waste and specifying recycled-content
products that reuse natural resources.• Indoor air quality. Poor indoor air quality is often caused
by mold and mildew that are the result of leaks or poorly designed and maintained heating and
cooling systems. Another common source of indoor air pollution is the off-gassing of chemicals
found in many building materials. Some are known carcinogens.Green building is ultimately
about the relationship of a house and its occupants to the world around them. It’s a process of
design and construction that fosters the conservation of energy and other natural resources and
promotes a healthy environment.Green building is ultimately about the relationship of a house
and its occupants to the world around them. It’s a process of design and construction that fosters
the conservation of energy and other natural resources and promotes a healthy environment.In
essence, that’s what green building is about. It’s not a scorecard where we rack up the number
of recycled building materials we use, nor is it a requirement to buy a roof’s worth of solar panels
or put a wind generator up in the backyard. Green building might include some or all of these
things, but it’s a lot more than that. Green building is a systematic approach that covers every
step of design and construction from land use and site planning to materials selection, energy
efficiency, and indoor air quality. All of this will be covered, step by step, in the chapters that
follow.Green Is No Longer on the FringeGreen is hot. According to a survey conducted by
McGraw-Hill Construction, demand for green building had outpaced supply by early 2007 as
home buyers looked for greater energy efficiency. The National Association of Home Builders
(NAHB), a trade group not known for making wild predictions, now believes we’ve reached the
tipping point when half or more of its members are incorporating green features into the homes



they build. Even the modular housing industry is getting into the act with a growing list of
designers coming up with houses that embrace the goals of sustainable building, not simply fast
construction.Green building shows every sign of becoming a self-fulfilling prophecy: The more
people are exposed to the benefits of green homes, the more green homes will be built. Coast-
to-coast, the home-buying public is asking for green features from their architects and
builders.Interiors built to sustainable building standards don’t have to look odd. These cabinets
are made from panel products that don’t off-gas toxins and are manufactured with materials that
can be harvested sustainably. Water-based and natural finishes keep occupants healthier than
those loaded with volatile organic compounds. The wallpaper is made from renewable
cork.Interiors built to sustainable building standards don’t have to look odd. These cabinets are
made from panel products that don’t off-gas toxins and are manufactured with materials that can
be harvested sustainably. Water-based and natural finishes keep occupants healthier than those
loaded with volatile organic compounds. The wallpaper is made from renewable cork.So where
did all this start?It really began in Austin, Texas, in 1992 when the city’s green building program
won a sustainable development award from the United Nations’ Earth Summit in Rio de Janeiro.
That put green building on the map, and builders working on the fringes of conventional
construction used the healthy-living, energy-saving objectives of green building as a unifying
theme. Over the next several years, alternative building techniques such as straw-bale, rammed
earth, and adobe construction received a lot of press.By 1996, the Denver Home Builders
Association was developing the first private sector green building program in the country.
Although it met with great resistance, the board approved the plan by a single vote. At the same
time, Boulder, Col., became the first city in the country to make sustainable building part of its
city code. If you wanted a building permit, you had to have 50 “green points” on the permit
application. Both the Denver and Boulder programs got the attention of the construction industry
as well as city officials across the country. Cities from Atlanta to Seattle launched green building
programs, then home builder associations around the country picked up on Denver’s example.
By 1999, there were more than 50 local programs countrywide.Alternative designs of the 1970s
may have been inexpensive to build and heat, but they lacked a diversity of design that turned
off many potential converts. This house incorporates structural insulated panels, insulating
concrete forms, and other green features yet looks entirely contemporary.Alternative designs of
the 1970s may have been inexpensive to build and heat, but they lacked a diversity of design
that turned off many potential converts. This house incorporates structural insulated panels,
insulating concrete forms, and other green features yet looks entirely contemporary.Smart
planning can include the placement of windows for solar gain, thereby reducing energy bills, and
using concrete as a finish material on floors. Minimizing carpeting reduces the threat of mold
and allergens. A ceiling fan and operable windows aid ventilation.Smart planning can include the
placement of windows for solar gain, thereby reducing energy bills, and using concrete as a
finish material on floors. Minimizing carpeting reduces the threat of mold and allergens. A ceiling
fan and operable windows aid ventilation.Lots of Green, Few Common StandardsThere were



plenty of green building programs, but not much common ground. Each of the country’s local
programs had its own definitions of what it meant to be green, and builders working under more
than one of the programs could easily be confused. In the Aspen, Col., area alone, for example,
builders in the late 1990s could choose from among four separate green programs.The NAHB
soon started thinking about what production homebuilders needed to know, and the association
later published its own set of guidelines. They are just that—guidelines that may be adopted by
builders as they see fit. Local or statewide programs scattered elsewhere across the country
may follow the NAHB Green Building Guidelines’ lead of suggesting without requiring, or they
may set measurable performance standards. The Energy Star® program of the U.S.
Environmental Protection Agency has included indoor air quality as part of its energy-saving
initiative. MASCO, a large conglomerate of building product manufacturers, has its Environments
For Living (EFL) program that certifies builders at progressive levels of home performance
(see ).BUILDING WITH STRAWStraw-bale construction will probably never be mainstream but it
does satisfy at least three important goals for green building: straw is a renewable resource that
can be harvested locally, it’s relatively inexpensive, and straw-bale walls have high R-values for
energy efficiency.Straw can be used as infill—meaning a structural framework actually carries
building loads—or the bales can be formed into structural walls without any additional
framework. Once the bales have been stacked into walls and pinned together, they’re covered
with wire mesh and finished with stucco to make them weather tight and durable.It can take
several hundred bales of straw to make a house, but the raw material is an agricultural waste
product that can come from any one of several crops—wheat, oat, barley, and rye among them.
Some 200 million tons of straw are produced in the U.S. annually, so there’s plenty of it
available.Straw bale is a low-tech construction method that can be managed without a lot of
building background, which makes it appealing to owner-builders trying to save money. If low
cost is appealing, so is performance. A bale of straw has an R-value of about 28, and the stucco
finish protects against both pest infestations and fire.On the downside, the availability of straw
probably has something to do with where you live. It must be kept dry during construction, and
code officials in some parts of the country aren’t familiar with it so approval is not likely to be
automatic. If you want to learn more, there is a variety of sources for information, including .Early
green building programs were a magnet for new ideas and practices aimed at making houses
more energy efficient and less expensive to build. One result was a wider interest in straw-bale
construction.BUILDING WITH STRAWStraw-bale construction will probably never be
mainstream but it does satisfy at least three important goals for green building: straw is a
renewable resource that can be harvested locally, it’s relatively inexpensive, and straw-bale walls
have high R-values for energy efficiency.Straw can be used as infill—meaning a structural
framework actually carries building loads—or the bales can be formed into structural walls
without any additional framework. Once the bales have been stacked into walls and pinned
together, they’re covered with wire mesh and finished with stucco to make them weather tight
and durable.It can take several hundred bales of straw to make a house, but the raw material is



an agricultural waste product that can come from any one of several crops—wheat, oat, barley,
and rye among them. Some 200 million tons of straw are produced in the U.S. annually, so
there’s plenty of it available.Straw bale is a low-tech construction method that can be managed
without a lot of building background, which makes it appealing to owner-builders trying to save
money. If low cost is appealing, so is performance. A bale of straw has an R-value of about 28,
and the stucco finish protects against both pest infestations and fire.On the downside, the
availability of straw probably has something to do with where you live. It must be kept dry during
construction, and code officials in some parts of the country aren’t familiar with it so approval is
not likely to be automatic. If you want to learn more, there is a variety of sources for information,
including .Early green building programs were a magnet for new ideas and practices aimed at
making houses more energy efficient and less expensive to build. One result was a wider
interest in straw-bale construction.RAMMED EARTH AND ADOBEBoth rammed earth and
adobe houses seem nearly ideal from a green point of view and, in many ways, they are. The
appeal of both techniques is that the Earth itself is the basic raw material for the building
envelope. It would be hard to top that on a scale of sustainability.Traditional adobe houses are
made from earthen bricks that have dried in the sun and are laid in courses to form walls.
Modern versions can be stabilized with cement. The gently rounded contours and thick walls of
these houses are an architectural trademark of the southwestern U.S. and Mexico. Because
building materials can be taken directly from the site they’re inexpensive, and adobe has high
mass, although not necessarily a high R-value.There’s probably no reason that adobe houses
couldn’t be built outside their traditional geographic stronghold. But on a practical level, you’ll
also need hot, sunny weather and the right kind of soil to make the bricks, as well as
experienced builders who know how to work with the material. You’re not likely to find those
conditions in Tacoma, Cincinnati, or Boston. If you have adobe bricks trucked in, it’s going to get
very expensive.Rammed earth is another green-friendly building technology in which soil mixed
with a small amount of cement is compacted with hydraulic tools in forms to create walls up to 2
ft. thick. Walls are extremely heavy—100 lb. or more per sq. ft.—so these houses call for sturdy
concrete stem-wall foundations.Building a rammed earth home is not a beginner’s game. It takes
specialized equipment as well as know-how, and the labor-intensive process isn’t inexpensive.
Rammed Earth Development, a Tucson, Arizona-based company specializing in this technique,
estimates that a rammed earth house starts at nearly $200 per sq. ft. Ironically, even though
walls are made from earth, not any kind of soil will do. Rammed Earth says site soil is used only
rarely because most of it doesn’t have the right mix of ingredients. It’s actually cheaper to buy
screened fill, according to the company.Both building techniques are appealing for their use of
natural materials, if not their inherent beauty. But a variety of factors is likely to keep them
confined to a limited geographic region. Good sources to learn more about it include Rammed
Earth’s website () and another for a California company founded by David Easton, an early
practitioner of the craft ().RAMMED EARTH AND ADOBEBoth rammed earth and adobe houses
seem nearly ideal from a green point of view and, in many ways, they are. The appeal of both



techniques is that the Earth itself is the basic raw material for the building envelope. It would be
hard to top that on a scale of sustainability.Traditional adobe houses are made from earthen
bricks that have dried in the sun and are laid in courses to form walls. Modern versions can be
stabilized with cement. The gently rounded contours and thick walls of these houses are an
architectural trademark of the southwestern U.S. and Mexico. Because building materials can be
taken directly from the site they’re inexpensive, and adobe has high mass, although not
necessarily a high R-value.There’s probably no reason that adobe houses couldn’t be built
outside their traditional geographic stronghold. But on a practical level, you’ll also need hot,
sunny weather and the right kind of soil to make the bricks, as well as experienced builders who
know how to work with the material. You’re not likely to find those conditions in Tacoma,
Cincinnati, or Boston. If you have adobe bricks trucked in, it’s going to get very
expensive.Rammed earth is another green-friendly building technology in which soil mixed with
a small amount of cement is compacted with hydraulic tools in forms to create walls up to 2 ft.
thick. Walls are extremely heavy—100 lb. or more per sq. ft.—so these houses call for sturdy
concrete stem-wall foundations.Building a rammed earth home is not a beginner’s game. It takes
specialized equipment as well as know-how, and the labor-intensive process isn’t inexpensive.
Rammed Earth Development, a Tucson, Arizona-based company specializing in this technique,
estimates that a rammed earth house starts at nearly $200 per sq. ft. Ironically, even though
walls are made from earth, not any kind of soil will do. Rammed Earth says site soil is used only
rarely because most of it doesn’t have the right mix of ingredients. It’s actually cheaper to buy
screened fill, according to the company.Both building techniques are appealing for their use of
natural materials, if not their inherent beauty. But a variety of factors is likely to keep them
confined to a limited geographic region. Good sources to learn more about it include Rammed
Earth’s website () and another for a California company founded by David Easton, an early
practitioner of the craft ().Rammed earth and adobe structures are made from earth, making
these materials “sustainable” in the truest sense of the word.Rammed earth and adobe
structures are made from earth, making these materials “sustainable” in the truest sense of the
word.A way out of this morass arrived in 2000 in the form of the Leadership in Energy and
Environmental Design program (or just LEED for short), a set of specific, measurable building
standards developed by the U.S. Green Building Council for commercial construction. By 2006,
it had evolved into a pilot program called LEED for Homes that was headed for full-scale
adoption sometime in 2007.To date, LEED is the only national green building program that puts
the exact requirements for earning green status in writing and requires independent verification
that buildings are constructed that way. And this is key. Over time, consumers are almost certain
to become far more educated and a lot less tolerant of slippery definitions of green building: “Is
that house really green?” they’ll ask. “Prove it.” Without published standards that can be certified
in the field by independent inspectors, it will be very difficult for builders to show homebuyers
they’re getting what they paid for.In spite of, or maybe because of, the proliferation of green
building initiatives and published guidelines, there is still ample room for confusion among



builders who want to build green. Not only are there a number of programs to choose from, but
their different criteria can compete with one another. For example, durability of building
components is an important consideration because it’s one way of reducing waste. Vinyl siding
lasts a long time but there are concerns about dioxin and other dangerous by-products that
result from the manufacture and incineration of polyvinyl chloride. So, can a house built to
sustainable standards include vinyl products? If so, which ones are acceptable and which are
not?House size poses another such dilemma. Suppose a house built for two people includes a
variety of recycled products and energy-saving building techniques or is even capable of
operating completely off the grid—but it’s 6,000 sq. ft. and cost $500 per sq. ft. to build. It uses
far more resources than an average-size house, and certainly far more than is necessary for a
single couple. Can such a house really be considered green?MYTH #1: GREEN BUILDING IS
FOR TREEHUGGERSYes, committed environmentalists do like green building. But green
building is not for extremists. It’s going mainstream. According to an estimate from the
Environmental Home Center in Seattle, the overall market for sustainable building materials is
about $20 billion a year, and it’s expected to grow more than 10 percent annually. That makes it
big business.Why are a growing number of consumers buying into green building? Rising
energy prices are certainly a big reason. Consumers are beginning to realize that sustainably
built houses mean lower heating and cooling costs.Health is another major reason: Our health
and well-being are notably affected by the large amount of time we spend indoors. According to
the American College of Allergy, Asthma, and Immunology, more than 38 percent of Americans
suffer from allergies. According to the U.S. Centers for Disease Control, the number of asthma
cases grew by 75 percent from 1980 to 1994—to more than 17 million.Since when is saving
money and enjoying good health an issue for any particular cultural or political minority?MYTH
#2: GREEN BUILDING IS TOO EXPENSIVESome green building components do cost more.
But many cost less. When thinking green is part of the initial planning process, it’s easier and
less expensive to incorporate features that significantly lower operating and maintenance
costs.For example, passive solar design coupled with high-performance insulation can make a
conventional furnace or boiler unnecessary. Orienting a house to take advantage of solar energy
does not in itself cost a penny more than standard construction. Adding a few windows and
investing in insulation does cost money, but the rewards on the other side of the ledger are far
more substantial, initially and over the life of the house.Many builders have found that the real
cost is in learning new techniques. Products themselves are becoming more readily available
and more affordable as major manufacturers develop new lines to meet consumer
demand.MYTH #3: GREEN BUILDING IS UGLYGreen buildings do not have to look like yurts.
True, a yurt can have its own beauty, but understandably not everyone wants to live in one.
Uniformity or plainness of design is one factor that hampered wider acceptance of alternative
building practices back in the 1970s (let’s face it, some of those houses were just plain ugly). But
a green home can look like any other house: colonial, modern, southwest, ranch—you name it.
Even on the inside, green homes can be just as varied in design, just as stunning, as any



conventional home.On another level, green buildings are inherently more beautiful because
builders and homeowners take the time to understand how the house works and what materials
will work better than conventional products. Reclaimed wood, recycled glass, certified lumber—
the list of beautiful green materials is very long indeed.MYTH #1: GREEN BUILDING IS FOR
TREEHUGGERSYes, committed environmentalists do like green building. But green building is
not for extremists. It’s going mainstream. According to an estimate from the Environmental Home
Center in Seattle, the overall market for sustainable building materials is about $20 billion a year,
and it’s expected to grow more than 10 percent annually. That makes it big business.Why are a
growing number of consumers buying into green building? Rising energy prices are certainly a
big reason. Consumers are beginning to realize that sustainably built houses mean lower
heating and cooling costs.Health is another major reason: Our health and well-being are notably
affected by the large amount of time we spend indoors. According to the American College of
Allergy, Asthma, and Immunology, more than 38 percent of Americans suffer from allergies.
According to the U.S. Centers for Disease Control, the number of asthma cases grew by 75
percent from 1980 to 1994—to more than 17 million.Since when is saving money and enjoying
good health an issue for any particular cultural or political minority?MYTH #2: GREEN
BUILDING IS TOO EXPENSIVESome green building components do cost more. But many cost
less. When thinking green is part of the initial planning process, it’s easier and less expensive to
incorporate features that significantly lower operating and maintenance costs.For example,
passive solar design coupled with high-performance insulation can make a conventional furnace
or boiler unnecessary. Orienting a house to take advantage of solar energy does not in itself cost
a penny more than standard construction. Adding a few windows and investing in insulation
does cost money, but the rewards on the other side of the ledger are far more substantial, initially
and over the life of the house.Many builders have found that the real cost is in learning new
techniques. Products themselves are becoming more readily available and more affordable as
major manufacturers develop new lines to meet consumer demand.MYTH #3: GREEN
BUILDING IS UGLYGreen buildings do not have to look like yurts. True, a yurt can have its own
beauty, but understandably not everyone wants to live in one. Uniformity or plainness of design
is one factor that hampered wider acceptance of alternative building practices back in the 1970s
(let’s face it, some of those houses were just plain ugly). But a green home can look like any
other house: colonial, modern, southwest, ranch—you name it. Even on the inside, green homes
can be just as varied in design, just as stunning, as any conventional home.On another level,
green buildings are inherently more beautiful because builders and homeowners take the time to
understand how the house works and what materials will work better than conventional
products. Reclaimed wood, recycled glass, certified lumber—the list of beautiful green materials
is very long indeed.A green house that doesn’t necessarily look it: This pleasant bungalow-style
house in Hawaii uses long-wearing steel roofing made to facilitate the addition of photovoltaic
panels at a later date. The bungalow design with deep overhangs and protected porches suits
the climate perfectly.A green house that doesn’t necessarily look it: This pleasant bungalow-



style house in Hawaii uses long-wearing steel roofing made to facilitate the addition of
photovoltaic panels at a later date. The bungalow design with deep overhangs and protected
porches suits the climate perfectly.GETTING BIGGERIn 1973, the average new single-family
home in the U.S. measured 1,660 sq. ft. By 2005, the size had risen to 2,434 sq. ft.—an increase
of 46 percent. That still may seem modest, but in some parts of the country, huge houses are the
norm. In Boulder County, Col., for example, the average new house is 6,000 sq. ft. In Aspen,
Col., it’s 15,000 sq. ft.There may be no perfect answer to these questions, only a process to
balance competing interests. For builders and consumers alike, it can be a bewildering
process.Dealing with the World around UsPolitical history and diversity aside, the nation’s green
building programs share a common goal—building houses that recognize some uncomfortable
realities in the world around us. Some of the most important fundamentals of sustainable building
—energy and resource conservation and indoor air quality—are a reaction to a world very
different than it was a decade ago. Seen in this light, sustainable building is a practical response
to a variety of issues that affect us all.Increasingly savvy home buyers want assurances that their
new home is “green.” A passive solar design with south-facing glass, formaldehyde-free cabinet
components, and flooring from sustainable sources can contribute to certification.Increasingly
savvy home buyers want assurances that their new home is “green.” A passive solar design with
south-facing glass, formaldehyde-free cabinet components, and flooring from sustainable
sources can contribute to certification.Energy supplies are peakingLet’s start with something
known as “peak oil,” the hypothetical moment when the world has pumped the maximum
possible number of barrels per day out of the ground. After that, oil production starts to decline.
The U.S. hit its peak in the mid-1970s. Many oil geologists believe the world will hit peak
production sometime in the next decade. Whether we reach that point in two years or 10 years,
we are nearing the end of the cheap oil era. That’s alarming enough on its own, even more so
when you consider that buildings are responsible for at least 40 percent of all energy
consumption in the U.S.As recently as the mid-1990s, energy experts assumed there was
enough natural gas to serve as the transitional fuel from a petroleum economy to a hydrogen
economy. It is a near-perfect fuel—abundant, domestic, clean-burning, and relatively
inexpensive. As a result, turbines that burned natural gas were built to augment many coal-fired
plants in the U.S. Then the domestic supply of natural gas began to decline. Gas wells stopped
producing but demand kept growing with the construction of both buildings and power plants.
From 2002 to 2004, natural gas prices doubled in much of the U.S. In some markets, prices went
up even higher.Buildings contribute over 40 percent of the total greenhouse gases in the
atmosphere, more than either industry or transportation alone.ENERGY SUPPLY GAPENERGY
SUPPLY GAPWith the end of the oil era in sight, energy planners had hoped that methane would
bridge the gap between an oil-based economy and one fueled by hydrogen. But a sharp
increase in demand for natural gas along with limited supplies has produced an energy gap that
may spell shortages ahead.With the end of the oil era in sight, energy planners had hoped that
methane would bridge the gap between an oil-based economy and one fueled by hydrogen. But



a sharp increase in demand for natural gas along with limited supplies has produced an energy
gap that may spell shortages ahead.Adapted from J. Ausubel, 1996 “Can Technology Spare the
Earth?” American Scientist, v. 84, p. 169.The U.S. started to import natural gas from Canada and
Mexico through new pipelines. Today, we are close to using the total volume of available gas
from all North American sources. In some parts of the country, there are not enough pipelines to
meet the demands of growing communities.Oil is easily shipped in tankers. But natural gas must
be compressed, liquefied, and shipped at very low temperatures in huge refrigerated tanks
aboard a ship. Due to the potential danger in handling liquefied natural gas (LNG), there is
tremendous resistance to installing off-loading facilities in U.S. ports. As a result, we don’t have
the capacity to import much LNG. It, too, will become increasing expensive and harder to
get.Because of these and other factors, energy conservation is a cornerstone of green building.
Cutting energy use has an obvious and immediate effect on how much it costs to heat and cool
a house. Not worried about how much oil is left in Saudi Arabia? OK, green building can be
about your heating bill next winter.Climate change means a tougher environmentScientists may
argue about the ultimate cause, but climate change is certainly upon us. Most people recognize
it as “weird” weather. Everywhere in the world, local weather patterns change in unpredictable
ways. There are more intense hurricanes like Katrina, longer droughts like those in East Africa,
unheard of floods in New England and Ohio, and more violent weather events such as
tornados.This office was made from a variety of green building products, including structural
insulated panels and engineered structural beams, but cost only $75 per sq. ft. Located in
Colorado, its radiant floor heating is driven by a conventional water heater.This office was made
from a variety of green building products, including structural insulated panels and engineered
structural beams, but cost only $75 per sq. ft. Located in Colorado, its radiant floor heating is
driven by a conventional water heater.Most experts lay the blame on higher concentrations of
carbon dioxide (CO2) in the atmosphere. It’s called a “greenhouse gas” because it traps heat
that would otherwise be radiated back into space. And the problem feeds on itself. As more CO2
builds up, it in turn traps more heat, which accelerates the process. Take, for example, what
happens in the arctic when ice melts due to higher global temperatures. As the ice cap melts,
more of the dark ocean is exposed and more heat is absorbed, which helps to melt more ice.
This “positive feedback loop” is a cycle: more heat, less ice, and a faster rate of melting.Green
building’s response is to cut the amount of carbon dioxide produced directly and indirectly by
encouraging the use of renewable energy sources where possible and recycled products or
products that take less energy to produce. The result is a smaller “carbon footprint.” This is why
zero-energy homes, houses that produce as much electricity as they consume, are springing up
across the country.GREENHOUSE GAS EMISSIONSGREENHOUSE GAS EMISSIONSA
steady increase in concentrations of atmospheric carbon dioxide is behind a sustainable
building goal of reducing the “carbon footprint” of houses and their occupants. CO2 has
increased from 280 parts per million prior to industrialization to 381 ppm in 2005. The timeline in
this chart is from 1958 through 2005 at the Mauna Loa Observatory in Hawaii and shows



seasonal spikes even as overall concentrations rise.Adapted from: Carbon Dioxide Information
Analysis Center.Roof-mounted solar panels are one way of reducing the consumption of fossil
fuels and shrinking the “carbon footprint” of a house.Roof-mounted solar panels are one way of
reducing the consumption of fossil fuels and shrinking the “carbon footprint” of a house.Water
isn’t boundless, eitherThe U.S. uses water so flagrantly that many of us may not think of it as a
finite resource. After all, two-thirds of the planet is covered in water and it’s raining somewhere
all the time. What few of us realize is that less than 1 percent of the planet’s water is drinkable.
Most of the earth’s fresh water is frozen in the polar ice caps. What we have been living on is
surface water, aquifer water, and fossil water.Surface water, found in lakes, rivers, and streams,
is confined primarily to the region where it is found—the Great Lakes, for instance, or the
Colorado River. Aquifer water, replenished by rainfall that seeps into the earth, is what we tap
into when we drill wells in drier areas. Fossil water is like oil: It will never be replenished. All three
are being challenged from either pollution or overuse.As climate change becomes more intense,
rainfall patterns around the world will change. Some regions will get more, some significantly
less. In the U.S., predictions are that the western U.S. will become increasingly drier over the
next 20 years with the possibility of a drought to rival the one that produced the Dust Bowl in the
1930s. The huge but shallow Ogallala Aquifer under the Great Plains from the Dakotas to Texas
is dropping at the rate of 30 ft. per year, and the less it rains the faster it is drawn down.
Northwest China is one of the four largest grain-producing areas in the world and feeds China
today. But it runs on fossil water, which may be completely gone in the next five years. What
happens then?Many Americans have taken clean water for granted, but increasing pressure is
taking its toll. Aquifers once thought to be nearly limitless are dropping rapidly as a growing
population competes for a finite resource.Many Americans have taken clean water for granted,
but increasing pressure is taking its toll. Aquifers once thought to be nearly limitless are dropping
rapidly as a growing population competes for a finite resource.Decreasing water supplies, along
with rapidly rising energy prices, will bring higher food prices. Competition for food will also lead
to increased conflict over food-growing areas and water sources.Seen in context, those 10-gal.-
a-minute bathroom shower spas may not look quite as appealing. Water conservation becomes
an obvious component of green building and goes a long way toward explaining an emphasis on
water-saving toilets, low-flow showerheads, and landscaping that doesn’t require much
watering.Other natural resources on the waneStructures—residential, commercial, and industrial
—account for 40 percent of all natural resources consumed in a single year. Yet construction of
the average 2,000-sq.-ft. house also yields 50 to 150 cu. yd., or 8,000 to 12,000 lb., of
construction waste. Most of that ends up in landfills.MYTH #4: GREEN BUILDING DOESN’T
WORKThe list of consumer concerns about how well a green building works is long: “The low-
flow showerheads leak.” “Bamboo flooring warps easily.” “Zero-VOC paint doesn’t cover walls as
well as the paint I’ve always used.” “Compact fluorescent lights give off a weird bluish glare.”
Some complaints have been justified, but these concerns tend to focus on exceptions rather
than on the big picture.In general, sustainably built houses tend to be more energy efficient,



more durable, and less costly to maintain. That said, some green products have had quality
issues. But keep in mind that conventional products have also had quality concerns, not to
mention unacceptable effects on our health and the environment.Many green products were
designed to do something better than a conventional product, not specifically because they
could be considered “green.” Inevitably, if a green building product does not work, market forces
will force it off the shelves, just as under performing conventional products are gradually
abandoned in favor of something else. Today, manufacturers of low-flow showerheads, bamboo
flooring, and low-VOC paint are creating reliable products. Although the industry has had some
growing pains, in the end green building is simply better building.MYTH #4: GREEN BUILDING
DOESN’T WORKThe list of consumer concerns about how well a green building works is long:
“The low-flow showerheads leak.” “Bamboo flooring warps easily.” “Zero-VOC paint doesn’t
cover walls as well as the paint I’ve always used.” “Compact fluorescent lights give off a weird
bluish glare.” Some complaints have been justified, but these concerns tend to focus on
exceptions rather than on the big picture.In general, sustainably built houses tend to be more
energy efficient, more durable, and less costly to maintain. That said, some green products have
had quality issues. But keep in mind that conventional products have also had quality concerns,
not to mention unacceptable effects on our health and the environment.Many green products
were designed to do something better than a conventional product, not specifically because
they could be considered “green.” Inevitably, if a green building product does not work, market
forces will force it off the shelves, just as under performing conventional products are gradually
abandoned in favor of something else. Today, manufacturers of low-flow showerheads, bamboo
flooring, and low-VOC paint are creating reliable products. Although the industry has had some
growing pains, in the end green building is simply better building.Construction debris from a
single house can be measured by the ton, but some builders are getting smarter about recycling
waste and reusing building components. Dismantling this house provided a wealth of material
that could be reused and kept recyclables out of the landfill.Construction debris from a single
house can be measured by the ton, but some builders are getting smarter about recycling waste
and reusing building components. Dismantling this house provided a wealth of material that
could be reused and kept recyclables out of the landfill.RECYCLING PAYSBuilders may look on
jobsite recycling as a pain in the neck. It’s much easier, isn’t it, to have a big Dumpster®
dropped at the site? By the time the house is done, the Dumpster is full and everyone goes
home happy.That may be standard practice in many parts of the country, but finding ways to
recycle waste at the jobsite can ultimately be much cheaper, as builders in some communities
have already discovered. In Portland, Ore., disposal fees for garbage were about $71 per ton in
2005 (plus a $7.50 transaction fee). Most construction waste could be dropped off at a recycling
center for fees that topped out at $35. In the very worst-case scenario, recycling cost half as
much as throwing it in the Dumpster, probably less.RECYCLING PAYSBuilders may look on
jobsite recycling as a pain in the neck. It’s much easier, isn’t it, to have a big Dumpster®
dropped at the site? By the time the house is done, the Dumpster is full and everyone goes



home happy.That may be standard practice in many parts of the country, but finding ways to
recycle waste at the jobsite can ultimately be much cheaper, as builders in some communities
have already discovered. In Portland, Ore., disposal fees for garbage were about $71 per ton in
2005 (plus a $7.50 transaction fee). Most construction waste could be dropped off at a recycling
center for fees that topped out at $35. In the very worst-case scenario, recycling cost half as
much as throwing it in the Dumpster, probably less.Too much lumber can compromise the
resource efficiency of a house.Too much lumber can compromise the resource efficiency of a
house.That rate of consumption simply isn’t sustainable. It amounts to using 1.2 planets’ worth
of resources to take care of just one planet of about 6 billion people. When we hit 8.5 billion
people in the year 2025 or so, those resources will have to be stretched a great deal
thinner.Wood is the most renewable of resources used in the building industry, and we use
plenty of it for new houses. An increasing amount of it comes from tree plantations, not real
forests, hence a green emphasis on making supplies go further and not converting natural
forests to tree farms. Advanced framing techniques and the use of structural insulated panels,
engineered wood, and Forest Stewardship Council certified–lumber can all help. Those
practices are explained in chapter 5.Americans make up 5 percent of the world’s population but
use 25 percent of the world’s resources.A variety of metals are also used in building—copper
pipe, steel framing and structural supports, aluminum flashing, and metal roofing. Three billion
tons of raw materials are turned into foundations, walls, pipes, and panels every year. Using
materials in their highest and best use is critical. Increasing the proportion of recycled materials
helps reduce waste.Green building is, above all else, applied common sense. Yet the building
industry is agonizingly slow to change, partly because it takes time for new technologies and
building practices to filter into the field and partly because builders, many of whom run small
businesses, are reluctant to take risks on “new” ideas that have not been proven. They have their
reasons: polybutylene pipe that sprang leaks, hardboard siding that rotted in humid climates,
and a variety of other products that never quite lived up to the hype. They cost builders millions
in claims and callbacks. Even so, sustainable building practices, designing and building homes
using a whole system approach, and the products that go with them will eventually overcome
those misgivings. It’s not a gimmick. It’s just good building.Landscaping that promotes natural
plants and uses water wisely has twin benefits: houses look as if they fit the landscape more
comfortably and water use can be cut dramatically.Landscaping that promotes natural plants
and uses water wisely has twin benefits: houses look as if they fit the landscape more
comfortably and water use can be cut dramatically. BEST PRACTICES• Test your market and
set priorities for what’s important to homebuyers in your area. It might be energy conservation,
indoor air quality, water conservation, or something else specific to your community or
region.• If sustainable building is something new to you, try not to do everything at once.
Choose a priority and get good at that. Then branch out.• Get your staff and your subs on board
with what you’re trying to accomplish. Once everyone realizes that building green is important to
the future of the company, they’ll be more likely to help put it into practice and they’ll probably



have good ideas of their own to contribute. BEST PRACTICES• Test your market and set
priorities for what’s important to homebuyers in your area. It might be energy conservation,
indoor air quality, water conservation, or something else specific to your community or
region.• If sustainable building is something new to you, try not to do everything at once.
Choose a priority and get good at that. Then branch out.• Get your staff and your subs on board
with what you’re trying to accomplish. Once everyone realizes that building green is important to
the future of the company, they’ll be more likely to help put it into practice and they’ll probably
have good ideas of their own to contribute.As interest among consumers increases, so do the
number of reliable and attractive green building products. Natural finishes, tile made from
recycled glass, and cabinets constructed of bamboo contribute to the look of this kitchen.As
interest among consumers increases, so do the number of reliable and attractive green building
products. Natural finishes, tile made from recycled glass, and cabinets constructed of bamboo
contribute to the look of this kitchen.Amory Lovins, one of the founders of the Rocky Mountain
Institute, probably wasn’t too far off the mark when he said, “People don’t care where their
energy comes from. All they want is hot showers and cold beer.” That logic can easily be
extended to the house as a whole. What many homeowners want is a house that’s safe,
comfortable, and easy to heat and cool—not a science course on how that’s accomplished.It’s
not that easy for builders. We can’t build green houses until we understand how a house works
as a system. To some builders this may seem like a long leap into unfamiliar territory. Many
carpenters were taught how to build by older carpenters who themselves were following the
footsteps of their own mentors. Very few of us go to homebuilding school to learn building
science.Yet science is what sustainable building relies on. Subsequent chapters in this book
describe in detail how sustainably built houses can be oriented on the site, framed, insulated,
plumbed and wired, ventilated, and landscaped. Those building practices didn’t come out of thin
air. They’re based on principles that once understood will guide us every step of the way.
Ultimately, green building begins with the fundamentals of designing and building the many
parts of a house so they work together as a whole. THE GREEN FACTORSustainable building
takes most of us back to the classroom for a refresher on the physical properties of energy, air,
and water. It’s much easier to build a green house when we understand how heat and cold move
from one object to another, and how air and moisture move inside our houses. Green building
practices, as well as the selection of appropriate building materials, revolve around a few basic
principles of science. What’s key:• A house is a system of interrelated parts.• Energy loses
some of its potential each time it is converted from one form to another, which helps explain why
passive solar heat is much more efficient than electric heat.• Form follows function when it
comes to design, meaning that construction should be tailored to the environment in which the
house is built.• Air leaks in the building envelope represent a significant loss of energy and open
the door to moisture damage inside wall and ceiling cavities.• Controlling the movement of heat,
air, and moisture involves every part of the building and everyone on the building team.How
Heat Is TransferredNothing is more central to this notion of house-as-system than heat flow, or to



get a bit more technical about it, the First and Second Laws of Thermodynamics (thermo = heat,
dynamics = movement). Once we see how these principles are applied to building, we’ll never
look at a house the same way again.Energy cannot be created or destroyed, only changed.
That’s the first law of thermodynamics. All the energy we have is in one of many forms: electrical,
chemical, mechanical, solar. The second law says that every time you convert energy from one
form to another it’s degraded in the process.Some forms of energy are more concentrated than
others are. Electrical energy, for instance, can do all kinds of miraculous things, like make laptop
computers work or turn heavy motors. Woodstoves, on the other hand, convert a lot of energy
potential from the wood into heat, but you can’t run a laptop with it. So there is a hierarchy of
energy forms that we can convert to accomplish the work we want to do.What the second law
tells us is that each time we change the form of energy (chemical to heat—heat to mechanical) it
becomes less useful. This is called entropy. Efficiency is converting energy from one form to
another with as little waste as possible. In the end, we can measure the “net energy” of any given
process—the percent of the original energy potential versus the actual work we have
accomplished.Does this have anything to do with building houses? Actually, it does. Our
challenge as designers and builders is to make the building as efficient as possible in all energy
conversions—that is, to keep energy in its most useful form and not let it escape or degrade
more than necessary. In other words, to create the least entropy. The closer the building is to the
source—the bottom of the energy food chain—the better.A classical example of high entropy
versus low entropy lies in the contrast between a house that is electrically heated and one that is
designed to be passive solar. Electricity makes a long journey before it arrives at the baseboard
heater. Suppose the electricity we use comes from coal. Coal itself is a very concentrated form
of chemical energy that was created over millions of years in a process of photosynthesis that
converted atmospheric carbon dioxide into a hydrocarbon fossil fuel. Enormous amounts of
energy are required to run the extraction equipment, trucks, and processing equipment. Then
coal is transported to a power plant that burns the coal to boil water that creates steam. The
steam spins a turbine that creates the electricity. The electricity then passes through a
transformer to create 240,000 volts for high-transmission lines. As it runs through the lines there
are line losses until it reaches its destination. It then passes through another transformer where it
is stepped down to 240 volts that we can use in our homes.LAWS OF NATUREGreen building is
based on building science. One key is understanding the flow of heat, which always moves from
hot to cold. Heat transmits in three ways: conduction, convection, and radiation. All three
principles can guide the selection of the most appropriate materials and practices for a green
house.LOST IN TRANSITWhen energy changes from one form to another, some of it is lost.
Take, for example, the energy potential in a lump of coal. Because of the different efficiencies of
mining, transportation, and electrical generation, only 15 percent of its energy potential is
actually delivered as usable power in a house.By the time it reaches us, electricity has lost 85
percent of the potential energy of the coal used to make it. If we heat with electric resistance
heat, we’re getting only 15 percent of the energy the coal had to offer in the first place.Passive



solar, on the other hand, uses radiant heat directly from the sun to heat a house. Here, the
energy makes only one simple conversion from light to heat. The sunlight passes through south-
facing windows, strikes a solid object, and turns into heat that is re-radiated to human bodies.
There is only one energy conversion.The efficiency of the process is determined by the
transparency of the glass. At a minimum, we get 50 percent of the potential heat and with well-
designed glass, we can get up to 75 percent. And, it’s all free. That’s eating low on the energy
food chain.Electricity from conventional sources is an example of “high entropy,” meaning that
much of the energy potential in the fuel is lost between the point of initial generation and the end
use.In green building, having an appreciation for entropy helps us select the best form of energy
for the task at hand, using the most efficient appliances or designs that make energy
conversions with the least amount of degradation (to heat) and retaining heat where we need it
and in the form we want it. This is where the building shell comes in.Thermal
TransmissionEnergy moves in three ways—conduction, convection, and radiation (see the
drawing on p. 24)—and energy movement is always a combination of all three. While we refer to
insulation in terms of its conductive resistance to heat movement, convection and radiation are
also taking place on a more subtle level. All of these are important in a house for different
reasons, and the principles help explain why some building techniques and materials work
better than others do.ConductionHeat moves through solid substances by this process. It is
typically measured with an R-value (the higher the number, the greater resistance to heat flow).
Anything that conducts electricity typically has a low R-value. Metals of all kinds fall into this
category. Wood, not a good conductor, has a higher R-value than metal. The insulation we use in
houses works because it traps air, giving it a much higher R-value.Passive solar design sharply
reduces the amount of energy a house will consume while still keeping occupants comfortable.
Light-filled spaces are cheerful and inviting as well as energy efficient.FEELING THE LOSSThe
movement of heat is experienced in a variety of ways: by forced and free convection of air, by
direct conduction through the floor, and by radiation to a cooler object, like a nearby window.So
in insulating a house from hot and cold, we look for materials that allow the least amount of
conduction or take steps to shield conductive materials so they don’t become energy
transmitters. Light steel framing, for example, can move tremendous amounts of energy through
the exterior walls of a house because it is such an efficient conductor. That’s why a steel-framed
house should be sheathed with rigid foam insulation. Cellulose, foam, cotton, mineral wool, and
other types of insulation conduct very little.ConvectionConvection is the movement of liquids
and gases because of differences in density. Convection explains why warm air ends up in the
upper floors of a house while the basement stays cold, or why a chimney draws smoke up and
out of the house.Our houses are filled with convective currents, some of which we feel and some
of which go undetected. Convection is more subtle than conduction, but when it’s not controlled,
it can result in a drafty, uncomfortable house. Worse, convection can carry moisture exactly
where we don’t want it—into wall cavities and attics where it condenses into water and
encourages mold and deterioration.When we become more aware of how convection works, we



can take steps in building houses to reduce its impact on comfort and health.RadiationRadiation
is the movement of energy from a hot object to a cooler one via waves. Think of the sun on a hot
summer day. The air temperature is the same in the sunshine as it is in the shade, but we feel
more comfortable when we get out of the sun and out of reach of all that radiant energy. A
fireplace can keep us warm even as a great deal of hot air escapes up the chimney.Radiant
energy heats objects rather than air. That’s why people are often happier with radiant-floor heat
than they are with a forced-air furnace. Their bodies feel the heat directly rather than feeling the
warm air.Controlling Heat FlowWe build houses so we can stay comfortable, and to keep the
weather at bay. Over time, we’ve gotten better and better at disconnecting our houses from the
climate around them. Houses today can look the same whether you’re in Anchorage or
Pensacola, and that doesn’t make a lot of sense. More logically, houses in those vastly different
climates would be designed to respond to the environment around them and thus have very
different appearances.Building science seeks to put the two back together. We want to
understand the building well enough to take advantage of the environmental benefits of local
climate and protect the occupants from undesirable climatic conditions (for more, see chapter
13).Insulation is a key part of designing for climate. How much insulation we can get between
outside and inside is partially determined by the structure of the building. Wood-frame buildings
were once framed with 2×4s on 16-in. centers, an approach so common that architects and
designers referred to this detail simply as “typical” or just “TYP.” So this is the place to start with
design.In the framing chapter (see p. 83), we will discuss various options for building the
structure, but the important thing here is to avoid “TYP” on construction drawings—it means that
too little is being done to fit the house to its environment. A house should be designed to meet
the requirements of the local environment. This means that insulation levels, or the overall R-
value of the house, should be higher than the minimums required by the local energy code. In a
good green home, the R-values of insulated floors, walls, and ceilings are often 50 percent
higher than what the building code requires.Air LeakageAir leaks, or drafts, can be responsible
for 25 percent of the heat loss in a new house, more in older houses. Moreover, when air moves
through the house because of leaks it is often laden with moisture that can end up in wall
cavities and condense, increasing the likelihood of mold and structural deterioration. Air traffic
control is the key. We have grown used to sealing the obvious problem areas with foam under
bottom plates, expanding foam around window and door framing, and insulation stuffed into
smaller wall cavities. It is the invisible and often convoluted paths of air leakage that need our
attention. Because air leaks are so detrimental to the energy performance of a house, it is
always a good idea to conduct a blower-door test after the house has been sealed. A fan housed
in a special door frame temporarily replaces the front door and pulls air from the house,
“depressurizing” the structure so that air leaks can be detected with a smoke stick. Air leaks
become visible so they can be corrected. The test shouldn’t cost more than a few hundred
dollars. It’s a simple way of verifying that air-sealing has been successful.Infiltration—unwanted
air intake into a house—can account for 40 percent of the heating load in existing buildings. New



homes are only slightly better at 25 percent.An infrared photograph shows energy losses around
a window. Areas shaded in red indicate sources of escaping heat—and wasted energy
dollars.UNCONTROLLED AIRFLOW ROBS ENERGYWithout an effective air barrier, a house is
like a balloon peppered with pinpricks. Air leaks reduce energy efficiency, make the house less
comfortable, and have the potential to cause mold and structural decay. Contributors range from
recessed lighting to an unsealed chimney chase.Doug Parker of Big Horn Builders is conducting
a blower door test, an accurate way of measuring how effective an air barrier really is. It also
provides a way to track down air leaks so they can be sealed.Air BarriersControlling infiltration
and exfiltration requires an air barrier between conditioned and unconditioned spaces. Imagine a
balloon with hundreds of tiny pinpricks in it. You can imagine that it won’t be inflated for very long.
The air barrier is the way we keep the conditioned air in the house and stop heating or cooling
the outdoors.Sealing holes around electrical wires and plumbing pipes is an essential part of
creating an effective air barrier. Expanding urethane foam makes a good sealant.There are many
different materials assembled into the envelope of a house, and where these materials intersect
should be the focus of air sealing. A stud doesn’t allow much air to pass through it, but when
there are studs nailed together, they form gaps that allow air to get through. When you install a
window, you are creating a gap in the sheathing that can allow more air to escape. Pipes, wires,
and ducts, as they intersect the structural members, also are places where air can leak. The
integrity of the air barrier is one key to efficient heating and cooling.Establishing and maintaining
an effective air barrier is the responsibility of many members of the building team. From the start,
the architect must understand where the air barrier will be. Framers should frame to meet that
requirement, and the insulating contractor should be thorough. The superintendent or lead
carpenter must be able to “see” the potential for air movement before the fact. In other words,
everyone needs to be in the game.ACCOUNTING FOR WINDWhen a house lacks an effective
air barrier, air infiltration from wind becomes a problem. On the windward side, where pressure is
higher, air blows into the house. On the leeward side, where pressure is lower, air is drawn
through gaps and holes in the envelope. The result? A drafty house, wasted energy.An air barrier
on the outside of this house will help keep wind from washing through walls and lowering the
efficiency of thermal insulation.Airflow MechanismsWind speed and direction create pressure
differentials on different sides of the building. The side facing the wind encounters higher
pressure while the opposite side has a lower pressure. These differences cause air to move in
the building. If there are cracks or penetrations on the windward side, air will be pushed into the
building, through the insulation, and into the living space. That’s often around doors and
windows. Or the air may follow wiring and create drafts in unexpected places. Because of the
lower pressure on the leeward side of the house, air will be pulled out of the building and
enhance the flow. This will always vary by season and microclimate conditions.HOT AIR
RISESConditioned air can vanish thanks to convection. As hot air rises through chimney flues,
unsealed recessed lighting, and duct penetrations through the building envelope, it is replaced
by air that enters the house elsewhere. Although the stack effect is an immutable law of nature, it



can be controlled.Stack effectBasic convection pressures explain the stack effect. Cold air is
heavier than warm air. It falls after coming into contact with cold window glass or poorly insulated
walls, pushing warm air higher in the building. That, in turn, pushes air out of the house. Warm air
(under pressure) will find any way it can to escape into the attic or out through band joists. The
higher the temperature difference, the greater the force. This causes infiltration from lower
sections of the building. The remedy is to inspect the attic and seal all air bypasses well before
insulation is installed. Also, pay special attention to how insulation is installed, and seal around
wires, ducts, and pipes that penetrate the barrier between living spaces and the attic.Flue
effectAny house with an atmospherically vented combustion appliance with a pilot light (furnace,
water heater, fireplace) will have flues for combustion gases. They often run from the basement
through the house and exit at the roof. Even when the furnace isn’t running, the pilot flame is
burning and causing a draft up the flue. This draft also carries conditioned home air with it so
there is constant loss of conditioned air. All flues work this way, which explains why fireplace
flues should always be closed when the fireplace is not being used.Another way to defeat this
energy-robbing phenomenon is to buy pilot-less appliances equipped with electronic ignition
and to install direct-vent or sealed combustion equipment wherever possible. This type of
appliance is typically vented through a sidewall of the house, not a chimney. It uses a double-
walled pipe that introduces fresh air for combustion while safely venting combustion gases.Tight
Houses Need VentilationAs we tighten up the house and seal all potential air leaks, we also have
to provide a way to introduce fresh air and expel stale air with mechanical ventilation. Many
builders wonder about the logic of tightening up the house so religiously only to install ventilation
equipment that seems to undo all that effort. The reason is that it’s much less expensive to
control the flow of fresh air in a sealed house with mechanical ventilation than it is to depend on
random air migration through the building envelope in a leaky house.Barbara Harwood, an
award-winning builder from Dallas, Tex., likes to say there is no such thing as a home that’s built
too tight. It’s only underventilated. Long ago, there were subcontractors who specialized in HVAC
(heating, ventilating, and air-conditioning). But somewhere along the line the “V” got dropped so
that most are now “HAC” contractors. Too bad, because the ventilation part of their moniker is
the most important one for good building performance.Mechanical ventilation also helps us
define the right pressurization of a house. Conventional homes with forced-air systems often
create negative pressure inside the house because of leaky return ducts. They suck air from the
house and draw in air from the outside. Add a dryer vent, a kitchen exhaust hood, and a
bathroom fan and the negative pressure can back-draft unburned gases from flues for the
furnace or water heater. This can introduce carbon monoxide in the house, a potentially fatal
problem (for more, see chapter 9, p. 173). A good mechanical ventilation system will create a
slightly positive pressure in the house that resists infiltration and prevents back-drafting. At a
minimum, the house should be pressure neutral.KNOW YOUR CLIMATEHouse design should
start with a sense of place:• What are the outstanding qualities of the climate (hot-dry, warm-
humid, cold-windy, Mediterranean-mild)?• What are the average high temperatures in the



summer and average lows in the winter?• How many months of the year MUST the house be air-
conditioned?• When the weather is mild (spring and fall) from which direction does the wind
blow?• What is the latitude of the site?• What is the angle of the sun off the horizon on June 21
and December 21?• How high is the water table?• What kinds of insects in the area may affect
the building (termites, carpenter ants) or the inhabitants (mosquitoes)?Heat recovery
ventilationHeat recovery ventilation, which is discussed in more detail in chapter 9, brings in
fresh air while exhausting indoor air. Heat recovery ventilators (HRVs) usually have two fans: one
pulling in fresh air and the other exhausting stale house air. Air streams pass each other through
an air-to-air heat exchanger that moderates incoming air by extracting heat from the conditioned
air and conveying it to the incoming air stream (just the opposite when you’re running an air-
conditioning system).Heat recovery ventilators are an effective way of taking the sting out of
ventilation systems that expel conditioned air that has, after all, been heated or cooled at our
expense.The Many Faces of WaterIf we think back to our high school physics classes, we’ll
remember that water can be a solid, a liquid, or a gas. In all of its forms—ice, rain, and vapor—
water can be a challenge to control in a building. Ice dams forming on roof edges allow water to
back up under shingles, get around the felt paper, and find its way into the house. In the form of
rain, water can penetrate siding, migrate into wall cavities, and cause mold and rot. As vapor, it
can enter wall cavities through switch plates and outlets or through any cracks in drywall
(between base molding and drywall edge, for instance) and get into wall cavities. Prevention of
moisture in all phases is our insurance of a durable house that will last 100 years or
more.CAPTURING LOST ENERGYA mechanical ventilation system is key to indoor air quality,
and a heat recovery ventilator (HRV) is one way of ensuring that energy losses are minimal. An
HRV tempers incoming air with exhausted air, which can be an effective energy saver in both
heating and cooling climates.Like heat, water wants to move. Understanding that process will
help us design houses that are more durable.GravityWater always flows downhill. Plumbers
know that, which is why they make so much money. But many of the trades have forgotten that
fact. We should always put felt paper on the roof from the eaves to the ridge with the upper
course overlapping the lower course—just like the scales on a fish. This is also critical for walls
where either housewrap or tarpaper is used. Housewrap with holes or tears in it can’t work as
designed, and no seam should face uphill. This may seem painfully obvious, but the fact is that
some builders don’t follow these simple rules.Whole-house mechanical ventilation keeps people
healthy. A heat recovery ventilator reduces energy losses by extracting energy in outgoing air
and using it to temper incoming air.DiffusionWater (like heat) always flows from areas of higher
concentration to areas of lower concentration. That means if we have saturated soil on one side
of a foundation wall and warm, dry conditions inside the house, water will try to find a way
through the concrete to the drier side. This is why foundations should always be treated to block
moisture and why perimeter footing drains and porous backfill around a foundation are
important.AIR MOVES MOISTUREMoisture can be carried into wall and ceiling cavities in a
process called vapor diffusion. Wall assemblies also need a way of drying out, even more



difficult when a vapor barrier is placed on both interior and exterior surfaces (A). In the second
instance, permeable interior finishes allow drying to the inside of the building (B).Capillary
actionCapillary action is the ability of water to flow through a material, from wet to dry. Just like
heat, moisture moves through materials based on their properties. Some are better at wicking
moisture (remember that was wood’s job when it was a tree), and some are more resistant
(petroleum-saturated felt paper, for instance). We need to know which building components will
be in contact with water and protect them with appropriate materials to resist the migration of
moisture.AirflowWater vapor goes where air moves it. Think of it as a hitchhiker on molecules of
air. If air can get into a wall cavity, so can moisture. It wouldn’t be such a problem if the people
inside the house would stop their bad habits that create a lot of moisture. But it seems we are
committed to taking showers, watering plants, boiling vegetables, and, worst of all, breathing. So
if we can’t change our behavior we need to prevent that moisture from getting into walls and
ceilings from the inside.The most effective way to reduce interior moisture is to collect it at its
source and get it out of the house. Installing good quality bathroom fans and range hoods (good
quality so they work quietly and people actually use them) is one obvious step. Another is
making sure that dryer vents are correctly installed and never terminate in a basement or
attic.Controlling Sound TransmissionIncreasingly, Americans are becoming aware of noise
pollution. Whether it is produced by a teen blasting music from his bedroom or a nearby freeway,
noise can be an unpleasant intrusion. We may aspire to peace of mind at home, but that’s hard
to do when we’re bombarded by loud and unexpected noises. It makes us irritable, distracted,
anxious, and hostile, sometimes without consciously making the connection to noise. Good
design and selection and installation of building materials can reduce the intrusions whether
they originate in the house or from outside.Carpet is not a cure-all for noisy houses. In fact, it is
typically only 15 percent to 20 percent absorptive. It would take four times as much carpet to
have the same impact as a typical acoustic material, which is about 80 percent absorptive.An
acoustics expert might tell you that controlling noise at the source is usually the best solution.
That works with your teenager’s stereo but many environmental sources of noise—highways,
trains, airplanes, nearby construction equipment—are beyond our control.Windows are often the
culpritWhen noise from the outside is a distraction, windows are often to blame. Exterior walls
will typically block at least 45 to 50 decibels of sound, but even a very high quality window might
not be able to block 40 decibels.Dual-pane windows with increased air space between the
sheets of glass improve acoustic isolation. “Superglass” windows, in which glass is combined
with a very thin layer, or layers, of plastic are even more effective (for more, see p. 140). Noise,
however, migrates through the weakest structural element, and that could be a door or
ventilation duct as well as a window. The acoustic isolation provided by a door is only as good as
the effectiveness of the door seal. If air can get around or under the door, so can
sound.MIGRATING WATERCapillary action can move water into places it wasn’t meant to go. In
the first instance below (A), a polyurethane barrier and coarse gravel stop the migration of some
water but the lack of a capillary break between the foundation wall and the footing allows



moisture to migrate into foundation walls. A capillary break (B) reduces the problem.Walls that
reduce soundWalls vary in their ability to reduce noise. A typical single-partition gypsum board/
stud wall will have a sound transmission class (STC) in the mid-30s depending on such
variables as the width of the stud and the amount and type of insulation in the wall cavity. Ideally,
one would want to match this wall with a similar STC rating for the glass opening. Thinner
laminated glass will equal a considerably thicker piece of plate glass.Typical wall construction of
2×4s on 16-in. centers with fiberglass insulation is not very effective in reducing sound.
Structural insulated panels or framed walls with exterior rigid foam are more effective. Cellulose
and foam insulation do a better job of reducing noise than conventional fiberglass batts
(although there are fiberglass batts explicitly designed for sound mitigation). The ideal
combination for houses close to noise sources would take advantage of SIPs, sided with
cementitious boards, along with Superglass® windows. This combination results in a very quiet
house and, coincidentally, is a recipe for a very energy-efficient home.Another option for homes
close to environmental noise is the staggered stud approach, which has the added advantage of
reducing thermal bridging. A further option is to add flexible C-channel to inside walls
perpendicular to the studs. These are placed on 16-in. centers as backing for drywall. The C-
channel absorbs some of the sound and isolates the drywall from the vibrations of the wall
assembly.Barriers and distance to block soundSomething as simple as increasing the distance
from the source of noise or putting other materials between the sound source and the house can
reduce unwanted noise. That can be a factor in deciding where to locate a house on the site,
assuming the size of the lot provides some wiggle room.Noise barriers are also a possibility.
They can be earth berms, solid walls, or neighboring buildings. Vegetation, by the way, provides
little if any reduction in noise. To be effective, barriers must block the line of sight between the
noise source and the house. A density of 4 lb. per sq. ft. is enough, providing there are no
openings in the wall. Barrier walls, however, won’t reduce noise by more than about 10
decibels.As cities and neighborhoods become ever more crowded and traffic increases, noise
becomes more difficult to control. While specialized construction techniques and materials can
be used to control noise transmission inside the house, we can’t do much about urban sprawl
and commuter traffic. If you can’t reduce sound to a satisfactory level by any other means, you
may have to combat noise with some of your own—an outdoor water feature, for example, that
masks an unpleasant sound with a soothing one.Putting It All TogetherWhat building science
tells us is that good design requires good thinking about the house as a system. By considering
the thermal properties of the home from a building science perspective, code becomes irrelevant
—not irrelevant to getting a building inspector’s blessing along with a certificate of occupancy
but irrelevant in terms of good construction.DECIBEL COMPARISON CHARTIn the Ear of the
BeholderNoise is measured in decibels, a logarithmic not a linear scale. An increase of 10 dB,
for example, is perceived as a doubling in sound. Choosing building materials carefully can
reduce the impact of unwanted sound substantially.SourceLevelThreshold of hearing (TOH)0
dBRustling leaves10 dBWhisper20 dBNormal conversation at 31⁄2 ft.60 dBBusy street traffic70



dBVacuum cleaner80 dBTrain whistle at 500 ft.90 dBLarge orchestra98 dBWalkman at
maximum level100 dBPower saw105 dBFront rows of rock concert110 dBThreshold of pain130
dBMilitary jet takeoff at 100 ft.140 dBInstant perforation of eardrum160 dBAmory Lovins, one of
the founders of the Rocky Mountain Institute, probably wasn’t too far off the mark when he said,
“People don’t care where their energy comes from. All they want is hot showers and cold beer.”
That logic can easily be extended to the house as a whole. What many homeowners want is a
house that’s safe, comfortable, and easy to heat and cool—not a science course on how that’s
accomplished.It’s not that easy for builders. We can’t build green houses until we understand
how a house works as a system. To some builders this may seem like a long leap into unfamiliar
territory. Many carpenters were taught how to build by older carpenters who themselves were
following the footsteps of their own mentors. Very few of us go to homebuilding school to learn
building science.Yet science is what sustainable building relies on. Subsequent chapters in this
book describe in detail how sustainably built houses can be oriented on the site, framed,
insulated, plumbed and wired, ventilated, and landscaped. Those building practices didn’t come
out of thin air. They’re based on principles that once understood will guide us every step of the
way. Ultimately, green building begins with the fundamentals of designing and building the many
parts of a house so they work together as a whole. THE GREEN FACTORSustainable building
takes most of us back to the classroom for a refresher on the physical properties of energy, air,
and water. It’s much easier to build a green house when we understand how heat and cold move
from one object to another, and how air and moisture move inside our houses. Green building
practices, as well as the selection of appropriate building materials, revolve around a few basic
principles of science. What’s key:• A house is a system of interrelated parts.• Energy loses
some of its potential each time it is converted from one form to another, which helps explain why
passive solar heat is much more efficient than electric heat.• Form follows function when it
comes to design, meaning that construction should be tailored to the environment in which the
house is built.• Air leaks in the building envelope represent a significant loss of energy and open
the door to moisture damage inside wall and ceiling cavities.• Controlling the movement of heat,
air, and moisture involves every part of the building and everyone on the building team.How
Heat Is TransferredNothing is more central to this notion of house-as-system than heat flow, or to
get a bit more technical about it, the First and Second Laws of Thermodynamics (thermo = heat,
dynamics = movement). Once we see how these principles are applied to building, we’ll never
look at a house the same way again.Energy cannot be created or destroyed, only changed.
That’s the first law of thermodynamics. All the energy we have is in one of many forms: electrical,
chemical, mechanical, solar. The second law says that every time you convert energy from one
form to another it’s degraded in the process.Some forms of energy are more concentrated than
others are. Electrical energy, for instance, can do all kinds of miraculous things, like make laptop
computers work or turn heavy motors. Woodstoves, on the other hand, convert a lot of energy
potential from the wood into heat, but you can’t run a laptop with it. So there is a hierarchy of
energy forms that we can convert to accomplish the work we want to do.What the second law



tells us is that each time we change the form of energy (chemical to heat—heat to mechanical) it
becomes less useful. This is called entropy. Efficiency is converting energy from one form to
another with as little waste as possible. In the end, we can measure the “net energy” of any given
process—the percent of the original energy potential versus the actual work we have
accomplished.Does this have anything to do with building houses? Actually, it does. Our
challenge as designers and builders is to make the building as efficient as possible in all energy
conversions—that is, to keep energy in its most useful form and not let it escape or degrade
more than necessary. In other words, to create the least entropy. The closer the building is to the
source—the bottom of the energy food chain—the better.A classical example of high entropy
versus low entropy lies in the contrast between a house that is electrically heated and one that is
designed to be passive solar. Electricity makes a long journey before it arrives at the baseboard
heater. Suppose the electricity we use comes from coal. Coal itself is a very concentrated form
of chemical energy that was created over millions of years in a process of photosynthesis that
converted atmospheric carbon dioxide into a hydrocarbon fossil fuel. Enormous amounts of
energy are required to run the extraction equipment, trucks, and processing equipment. Then
coal is transported to a power plant that burns the coal to boil water that creates steam. The
steam spins a turbine that creates the electricity. The electricity then passes through a
transformer to create 240,000 volts for high-transmission lines. As it runs through the lines there
are line losses until it reaches its destination. It then passes through another transformer where it
is stepped down to 240 volts that we can use in our homes.LAWS OF NATUREGreen building is
based on building science. One key is understanding the flow of heat, which always moves from
hot to cold. Heat transmits in three ways: conduction, convection, and radiation. All three
principles can guide the selection of the most appropriate materials and practices for a green
house.LOST IN TRANSITWhen energy changes from one form to another, some of it is lost.
Take, for example, the energy potential in a lump of coal. Because of the different efficiencies of
mining, transportation, and electrical generation, only 15 percent of its energy potential is
actually delivered as usable power in a house.By the time it reaches us, electricity has lost 85
percent of the potential energy of the coal used to make it. If we heat with electric resistance
heat, we’re getting only 15 percent of the energy the coal had to offer in the first place.Passive
solar, on the other hand, uses radiant heat directly from the sun to heat a house. Here, the
energy makes only one simple conversion from light to heat. The sunlight passes through south-
facing windows, strikes a solid object, and turns into heat that is re-radiated to human bodies.
There is only one energy conversion.The efficiency of the process is determined by the
transparency of the glass. At a minimum, we get 50 percent of the potential heat and with well-
designed glass, we can get up to 75 percent. And, it’s all free. That’s eating low on the energy
food chain.Electricity from conventional sources is an example of “high entropy,” meaning that
much of the energy potential in the fuel is lost between the point of initial generation and the end
use.In green building, having an appreciation for entropy helps us select the best form of energy
for the task at hand, using the most efficient appliances or designs that make energy



conversions with the least amount of degradation (to heat) and retaining heat where we need it
and in the form we want it. This is where the building shell comes in.Thermal
TransmissionEnergy moves in three ways—conduction, convection, and radiation (see the
drawing on p. 24)—and energy movement is always a combination of all three. While we refer to
insulation in terms of its conductive resistance to heat movement, convection and radiation are
also taking place on a more subtle level. All of these are important in a house for different
reasons, and the principles help explain why some building techniques and materials work
better than others do.ConductionHeat moves through solid substances by this process. It is
typically measured with an R-value (the higher the number, the greater resistance to heat flow).
Anything that conducts electricity typically has a low R-value. Metals of all kinds fall into this
category. Wood, not a good conductor, has a higher R-value than metal. The insulation we use in
houses works because it traps air, giving it a much higher R-value.Passive solar design sharply
reduces the amount of energy a house will consume while still keeping occupants comfortable.
Light-filled spaces are cheerful and inviting as well as energy efficient.FEELING THE LOSSThe
movement of heat is experienced in a variety of ways: by forced and free convection of air, by
direct conduction through the floor, and by radiation to a cooler object, like a nearby window.So
in insulating a house from hot and cold, we look for materials that allow the least amount of
conduction or take steps to shield conductive materials so they don’t become energy
transmitters. Light steel framing, for example, can move tremendous amounts of energy through
the exterior walls of a house because it is such an efficient conductor. That’s why a steel-framed
house should be sheathed with rigid foam insulation. Cellulose, foam, cotton, mineral wool, and
other types of insulation conduct very little.ConvectionConvection is the movement of liquids
and gases because of differences in density. Convection explains why warm air ends up in the
upper floors of a house while the basement stays cold, or why a chimney draws smoke up and
out of the house.Our houses are filled with convective currents, some of which we feel and some
of which go undetected. Convection is more subtle than conduction, but when it’s not controlled,
it can result in a drafty, uncomfortable house. Worse, convection can carry moisture exactly
where we don’t want it—into wall cavities and attics where it condenses into water and
encourages mold and deterioration.When we become more aware of how convection works, we
can take steps in building houses to reduce its impact on comfort and health.RadiationRadiation
is the movement of energy from a hot object to a cooler one via waves. Think of the sun on a hot
summer day. The air temperature is the same in the sunshine as it is in the shade, but we feel
more comfortable when we get out of the sun and out of reach of all that radiant energy. A
fireplace can keep us warm even as a great deal of hot air escapes up the chimney.Radiant
energy heats objects rather than air. That’s why people are often happier with radiant-floor heat
than they are with a forced-air furnace. Their bodies feel the heat directly rather than feeling the
warm air.Controlling Heat FlowWe build houses so we can stay comfortable, and to keep the
weather at bay. Over time, we’ve gotten better and better at disconnecting our houses from the
climate around them. Houses today can look the same whether you’re in Anchorage or



Pensacola, and that doesn’t make a lot of sense. More logically, houses in those vastly different
climates would be designed to respond to the environment around them and thus have very
different appearances.Building science seeks to put the two back together. We want to
understand the building well enough to take advantage of the environmental benefits of local
climate and protect the occupants from undesirable climatic conditions (for more, see chapter
13).Insulation is a key part of designing for climate. How much insulation we can get between
outside and inside is partially determined by the structure of the building. Wood-frame buildings
were once framed with 2×4s on 16-in. centers, an approach so common that architects and
designers referred to this detail simply as “typical” or just “TYP.” So this is the place to start with
design.In the framing chapter (see p. 83), we will discuss various options for building the
structure, but the important thing here is to avoid “TYP” on construction drawings—it means that
too little is being done to fit the house to its environment. A house should be designed to meet
the requirements of the local environment. This means that insulation levels, or the overall R-
value of the house, should be higher than the minimums required by the local energy code. In a
good green home, the R-values of insulated floors, walls, and ceilings are often 50 percent
higher than what the building code requires.Air LeakageAir leaks, or drafts, can be responsible
for 25 percent of the heat loss in a new house, more in older houses. Moreover, when air moves
through the house because of leaks it is often laden with moisture that can end up in wall
cavities and condense, increasing the likelihood of mold and structural deterioration. Air traffic
control is the key. We have grown used to sealing the obvious problem areas with foam under
bottom plates, expanding foam around window and door framing, and insulation stuffed into
smaller wall cavities. It is the invisible and often convoluted paths of air leakage that need our
attention. Because air leaks are so detrimental to the energy performance of a house, it is
always a good idea to conduct a blower-door test after the house has been sealed. A fan housed
in a special door frame temporarily replaces the front door and pulls air from the house,
“depressurizing” the structure so that air leaks can be detected with a smoke stick. Air leaks
become visible so they can be corrected. The test shouldn’t cost more than a few hundred
dollars. It’s a simple way of verifying that air-sealing has been successful.Infiltration—unwanted
air intake into a house—can account for 40 percent of the heating load in existing buildings. New
homes are only slightly better at 25 percent.An infrared photograph shows energy losses around
a window. Areas shaded in red indicate sources of escaping heat—and wasted energy
dollars.UNCONTROLLED AIRFLOW ROBS ENERGYWithout an effective air barrier, a house is
like a balloon peppered with pinpricks. Air leaks reduce energy efficiency, make the house less
comfortable, and have the potential to cause mold and structural decay. Contributors range from
recessed lighting to an unsealed chimney chase.Doug Parker of Big Horn Builders is conducting
a blower door test, an accurate way of measuring how effective an air barrier really is. It also
provides a way to track down air leaks so they can be sealed.Air BarriersControlling infiltration
and exfiltration requires an air barrier between conditioned and unconditioned spaces. Imagine a
balloon with hundreds of tiny pinpricks in it. You can imagine that it won’t be inflated for very long.



The air barrier is the way we keep the conditioned air in the house and stop heating or cooling
the outdoors.Sealing holes around electrical wires and plumbing pipes is an essential part of
creating an effective air barrier. Expanding urethane foam makes a good sealant.There are many
different materials assembled into the envelope of a house, and where these materials intersect
should be the focus of air sealing. A stud doesn’t allow much air to pass through it, but when
there are studs nailed together, they form gaps that allow air to get through. When you install a
window, you are creating a gap in the sheathing that can allow more air to escape. Pipes, wires,
and ducts, as they intersect the structural members, also are places where air can leak. The
integrity of the air barrier is one key to efficient heating and cooling.Establishing and maintaining
an effective air barrier is the responsibility of many members of the building team. From the start,
the architect must understand where the air barrier will be. Framers should frame to meet that
requirement, and the insulating contractor should be thorough. The superintendent or lead
carpenter must be able to “see” the potential for air movement before the fact. In other words,
everyone needs to be in the game.ACCOUNTING FOR WINDWhen a house lacks an effective
air barrier, air infiltration from wind becomes a problem. On the windward side, where pressure is
higher, air blows into the house. On the leeward side, where pressure is lower, air is drawn
through gaps and holes in the envelope. The result? A drafty house, wasted energy.An air barrier
on the outside of this house will help keep wind from washing through walls and lowering the
efficiency of thermal insulation.Airflow MechanismsWind speed and direction create pressure
differentials on different sides of the building. The side facing the wind encounters higher
pressure while the opposite side has a lower pressure. These differences cause air to move in
the building. If there are cracks or penetrations on the windward side, air will be pushed into the
building, through the insulation, and into the living space. That’s often around doors and
windows. Or the air may follow wiring and create drafts in unexpected places. Because of the
lower pressure on the leeward side of the house, air will be pulled out of the building and
enhance the flow. This will always vary by season and microclimate conditions.HOT AIR
RISESConditioned air can vanish thanks to convection. As hot air rises through chimney flues,
unsealed recessed lighting, and duct penetrations through the building envelope, it is replaced
by air that enters the house elsewhere. Although the stack effect is an immutable law of nature, it
can be controlled.Stack effectBasic convection pressures explain the stack effect. Cold air is
heavier than warm air. It falls after coming into contact with cold window glass or poorly insulated
walls, pushing warm air higher in the building. That, in turn, pushes air out of the house. Warm air
(under pressure) will find any way it can to escape into the attic or out through band joists. The
higher the temperature difference, the greater the force. This causes infiltration from lower
sections of the building. The remedy is to inspect the attic and seal all air bypasses well before
insulation is installed. Also, pay special attention to how insulation is installed, and seal around
wires, ducts, and pipes that penetrate the barrier between living spaces and the attic.Flue
effectAny house with an atmospherically vented combustion appliance with a pilot light (furnace,
water heater, fireplace) will have flues for combustion gases. They often run from the basement



through the house and exit at the roof. Even when the furnace isn’t running, the pilot flame is
burning and causing a draft up the flue. This draft also carries conditioned home air with it so
there is constant loss of conditioned air. All flues work this way, which explains why fireplace
flues should always be closed when the fireplace is not being used.Another way to defeat this
energy-robbing phenomenon is to buy pilot-less appliances equipped with electronic ignition
and to install direct-vent or sealed combustion equipment wherever possible. This type of
appliance is typically vented through a sidewall of the house, not a chimney. It uses a double-
walled pipe that introduces fresh air for combustion while safely venting combustion gases.Tight
Houses Need VentilationAs we tighten up the house and seal all potential air leaks, we also have
to provide a way to introduce fresh air and expel stale air with mechanical ventilation. Many
builders wonder about the logic of tightening up the house so religiously only to install ventilation
equipment that seems to undo all that effort. The reason is that it’s much less expensive to
control the flow of fresh air in a sealed house with mechanical ventilation than it is to depend on
random air migration through the building envelope in a leaky house.Barbara Harwood, an
award-winning builder from Dallas, Tex., likes to say there is no such thing as a home that’s built
too tight. It’s only underventilated. Long ago, there were subcontractors who specialized in HVAC
(heating, ventilating, and air-conditioning). But somewhere along the line the “V” got dropped so
that most are now “HAC” contractors. Too bad, because the ventilation part of their moniker is
the most important one for good building performance.Mechanical ventilation also helps us
define the right pressurization of a house. Conventional homes with forced-air systems often
create negative pressure inside the house because of leaky return ducts. They suck air from the
house and draw in air from the outside. Add a dryer vent, a kitchen exhaust hood, and a
bathroom fan and the negative pressure can back-draft unburned gases from flues for the
furnace or water heater. This can introduce carbon monoxide in the house, a potentially fatal
problem (for more, see chapter 9, p. 173). A good mechanical ventilation system will create a
slightly positive pressure in the house that resists infiltration and prevents back-drafting. At a
minimum, the house should be pressure neutral.KNOW YOUR CLIMATEHouse design should
start with a sense of place:• What are the outstanding qualities of the climate (hot-dry, warm-
humid, cold-windy, Mediterranean-mild)?• What are the average high temperatures in the
summer and average lows in the winter?• How many months of the year MUST the house be air-
conditioned?• When the weather is mild (spring and fall) from which direction does the wind
blow?• What is the latitude of the site?• What is the angle of the sun off the horizon on June 21
and December 21?• How high is the water table?• What kinds of insects in the area may affect
the building (termites, carpenter ants) or the inhabitants (mosquitoes)?Heat recovery
ventilationHeat recovery ventilation, which is discussed in more detail in chapter 9, brings in
fresh air while exhausting indoor air. Heat recovery ventilators (HRVs) usually have two fans: one
pulling in fresh air and the other exhausting stale house air. Air streams pass each other through
an air-to-air heat exchanger that moderates incoming air by extracting heat from the conditioned
air and conveying it to the incoming air stream (just the opposite when you’re running an air-



conditioning system).Heat recovery ventilators are an effective way of taking the sting out of
ventilation systems that expel conditioned air that has, after all, been heated or cooled at our
expense.The Many Faces of WaterIf we think back to our high school physics classes, we’ll
remember that water can be a solid, a liquid, or a gas. In all of its forms—ice, rain, and vapor—
water can be a challenge to control in a building. Ice dams forming on roof edges allow water to
back up under shingles, get around the felt paper, and find its way into the house. In the form of
rain, water can penetrate siding, migrate into wall cavities, and cause mold and rot. As vapor, it
can enter wall cavities through switch plates and outlets or through any cracks in drywall
(between base molding and drywall edge, for instance) and get into wall cavities. Prevention of
moisture in all phases is our insurance of a durable house that will last 100 years or
more.CAPTURING LOST ENERGYA mechanical ventilation system is key to indoor air quality,
and a heat recovery ventilator (HRV) is one way of ensuring that energy losses are minimal. An
HRV tempers incoming air with exhausted air, which can be an effective energy saver in both
heating and cooling climates.Like heat, water wants to move. Understanding that process will
help us design houses that are more durable.GravityWater always flows downhill. Plumbers
know that, which is why they make so much money. But many of the trades have forgotten that
fact. We should always put felt paper on the roof from the eaves to the ridge with the upper
course overlapping the lower course—just like the scales on a fish. This is also critical for walls
where either housewrap or tarpaper is used. Housewrap with holes or tears in it can’t work as
designed, and no seam should face uphill. This may seem painfully obvious, but the fact is that
some builders don’t follow these simple rules.Whole-house mechanical ventilation keeps people
healthy. A heat recovery ventilator reduces energy losses by extracting energy in outgoing air
and using it to temper incoming air.DiffusionWater (like heat) always flows from areas of higher
concentration to areas of lower concentration. That means if we have saturated soil on one side
of a foundation wall and warm, dry conditions inside the house, water will try to find a way
through the concrete to the drier side. This is why foundations should always be treated to block
moisture and why perimeter footing drains and porous backfill around a foundation are
important.AIR MOVES MOISTUREMoisture can be carried into wall and ceiling cavities in a
process called vapor diffusion. Wall assemblies also need a way of drying out, even more
difficult when a vapor barrier is placed on both interior and exterior surfaces (A). In the second
instance, permeable interior finishes allow drying to the inside of the building (B).Capillary
actionCapillary action is the ability of water to flow through a material, from wet to dry. Just like
heat, moisture moves through materials based on their properties. Some are better at wicking
moisture (remember that was wood’s job when it was a tree), and some are more resistant
(petroleum-saturated felt paper, for instance). We need to know which building components will
be in contact with water and protect them with appropriate materials to resist the migration of
moisture.AirflowWater vapor goes where air moves it. Think of it as a hitchhiker on molecules of
air. If air can get into a wall cavity, so can moisture. It wouldn’t be such a problem if the people
inside the house would stop their bad habits that create a lot of moisture. But it seems we are



committed to taking showers, watering plants, boiling vegetables, and, worst of all, breathing. So
if we can’t change our behavior we need to prevent that moisture from getting into walls and
ceilings from the inside.The most effective way to reduce interior moisture is to collect it at its
source and get it out of the house. Installing good quality bathroom fans and range hoods (good
quality so they work quietly and people actually use them) is one obvious step. Another is
making sure that dryer vents are correctly installed and never terminate in a basement or
attic.Controlling Sound TransmissionIncreasingly, Americans are becoming aware of noise
pollution. Whether it is produced by a teen blasting music from his bedroom or a nearby freeway,
noise can be an unpleasant intrusion. We may aspire to peace of mind at home, but that’s hard
to do when we’re bombarded by loud and unexpected noises. It makes us irritable, distracted,
anxious, and hostile, sometimes without consciously making the connection to noise. Good
design and selection and installation of building materials can reduce the intrusions whether
they originate in the house or from outside.Carpet is not a cure-all for noisy houses. In fact, it is
typically only 15 percent to 20 percent absorptive. It would take four times as much carpet to
have the same impact as a typical acoustic material, which is about 80 percent absorptive.An
acoustics expert might tell you that controlling noise at the source is usually the best solution.
That works with your teenager’s stereo but many environmental sources of noise—highways,
trains, airplanes, nearby construction equipment—are beyond our control.Windows are often the
culpritWhen noise from the outside is a distraction, windows are often to blame. Exterior walls
will typically block at least 45 to 50 decibels of sound, but even a very high quality window might
not be able to block 40 decibels.Dual-pane windows with increased air space between the
sheets of glass improve acoustic isolation. “Superglass” windows, in which glass is combined
with a very thin layer, or layers, of plastic are even more effective (for more, see p. 140). Noise,
however, migrates through the weakest structural element, and that could be a door or
ventilation duct as well as a window. The acoustic isolation provided by a door is only as good as
the effectiveness of the door seal. If air can get around or under the door, so can
sound.MIGRATING WATERCapillary action can move water into places it wasn’t meant to go. In
the first instance below (A), a polyurethane barrier and coarse gravel stop the migration of some
water but the lack of a capillary break between the foundation wall and the footing allows
moisture to migrate into foundation walls. A capillary break (B) reduces the problem.Walls that
reduce soundWalls vary in their ability to reduce noise. A typical single-partition gypsum board/
stud wall will have a sound transmission class (STC) in the mid-30s depending on such
variables as the width of the stud and the amount and type of insulation in the wall cavity. Ideally,
one would want to match this wall with a similar STC rating for the glass opening. Thinner
laminated glass will equal a considerably thicker piece of plate glass.Typical wall construction of
2×4s on 16-in. centers with fiberglass insulation is not very effective in reducing sound.
Structural insulated panels or framed walls with exterior rigid foam are more effective. Cellulose
and foam insulation do a better job of reducing noise than conventional fiberglass batts
(although there are fiberglass batts explicitly designed for sound mitigation). The ideal



combination for houses close to noise sources would take advantage of SIPs, sided with
cementitious boards, along with Superglass® windows. This combination results in a very quiet
house and, coincidentally, is a recipe for a very energy-efficient home.Another option for homes
close to environmental noise is the staggered stud approach, which has the added advantage of
reducing thermal bridging. A further option is to add flexible C-channel to inside walls
perpendicular to the studs. These are placed on 16-in. centers as backing for drywall. The C-
channel absorbs some of the sound and isolates the drywall from the vibrations of the wall
assembly.Barriers and distance to block soundSomething as simple as increasing the distance
from the source of noise or putting other materials between the sound source and the house can
reduce unwanted noise. That can be a factor in deciding where to locate a house on the site,
assuming the size of the lot provides some wiggle room.Noise barriers are also a possibility.
They can be earth berms, solid walls, or neighboring buildings. Vegetation, by the way, provides
little if any reduction in noise. To be effective, barriers must block the line of sight between the
noise source and the house. A density of 4 lb. per sq. ft. is enough, providing there are no
openings in the wall. Barrier walls, however, won’t reduce noise by more than about 10
decibels.As cities and neighborhoods become ever more crowded and traffic increases, noise
becomes more difficult to control. While specialized construction techniques and materials can
be used to control noise transmission inside the house, we can’t do much about urban sprawl
and commuter traffic. If you can’t reduce sound to a satisfactory level by any other means, you
may have to combat noise with some of your own—an outdoor water feature, for example, that
masks an unpleasant sound with a soothing one.Putting It All TogetherWhat building science
tells us is that good design requires good thinking about the house as a system. By considering
the thermal properties of the home from a building science perspective, code becomes irrelevant
—not irrelevant to getting a building inspector’s blessing along with a certificate of occupancy
but irrelevant in terms of good construction.DECIBEL COMPARISON CHARTIn the Ear of the
BeholderNoise is measured in decibels, a logarithmic not a linear scale. An increase of 10 dB,
for example, is perceived as a doubling in sound. Choosing building materials carefully can
reduce the impact of unwanted sound substantially.SourceLevelThreshold of hearing (TOH)0
dBRustling leaves10 dBWhisper20 dBNormal conversation at 31⁄2 ft.60 dBBusy street traffic70
dBVacuum cleaner80 dBTrain whistle at 500 ft.90 dBLarge orchestra98 dBWalkman at
maximum level100 dBPower saw105 dBFront rows of rock concert110 dBThreshold of pain130
dBMilitary jet takeoff at 100 ft.140 dBInstant perforation of eardrum160 dBAmory Lovins, one of
the founders of the Rocky Mountain Institute, probably wasn’t too far off the mark when he said,
“People don’t care where their energy comes from. All they want is hot showers and cold beer.”
That logic can easily be extended to the house as a whole. What many homeowners want is a
house that’s safe, comfortable, and easy to heat and cool—not a science course on how that’s
accomplished.It’s not that easy for builders. We can’t build green houses until we understand
how a house works as a system. To some builders this may seem like a long leap into unfamiliar
territory. Many carpenters were taught how to build by older carpenters who themselves were



following the footsteps of their own mentors. Very few of us go to homebuilding school to learn
building science.Yet science is what sustainable building relies on. Subsequent chapters in this
book describe in detail how sustainably built houses can be oriented on the site, framed,
insulated, plumbed and wired, ventilated, and landscaped. Those building practices didn’t come
out of thin air. They’re based on principles that once understood will guide us every step of the
way. Ultimately, green building begins with the fundamentals of designing and building the many
parts of a house so they work together as a whole. THE GREEN FACTORSustainable building
takes most of us back to the classroom for a refresher on the physical properties of energy, air,
and water. It’s much easier to build a green house when we understand how heat and cold move
from one object to another, and how air and moisture move inside our houses. Green building
practices, as well as the selection of appropriate building materials, revolve around a few basic
principles of science. What’s key:• A house is a system of interrelated parts.• Energy loses
some of its potential each time it is converted from one form to another, which helps explain why
passive solar heat is much more efficient than electric heat.• Form follows function when it
comes to design, meaning that construction should be tailored to the environment in which the
house is built.• Air leaks in the building envelope represent a significant loss of energy and open
the door to moisture damage inside wall and ceiling cavities.• Controlling the movement of heat,
air, and moisture involves every part of the building and everyone on the building team. THE
GREEN FACTORSustainable building takes most of us back to the classroom for a refresher on
the physical properties of energy, air, and water. It’s much easier to build a green house when we
understand how heat and cold move from one object to another, and how air and moisture move
inside our houses. Green building practices, as well as the selection of appropriate building
materials, revolve around a few basic principles of science. What’s key:• A house is a system of
interrelated parts.• Energy loses some of its potential each time it is converted from one form to
another, which helps explain why passive solar heat is much more efficient than electric
heat.• Form follows function when it comes to design, meaning that construction should be
tailored to the environment in which the house is built.• Air leaks in the building envelope
represent a significant loss of energy and open the door to moisture damage inside wall and
ceiling cavities.• Controlling the movement of heat, air, and moisture involves every part of the
building and everyone on the building team.How Heat Is TransferredNothing is more central to
this notion of house-as-system than heat flow, or to get a bit more technical about it, the First
and Second Laws of Thermodynamics (thermo = heat, dynamics = movement). Once we see
how these principles are applied to building, we’ll never look at a house the same way
again.Energy cannot be created or destroyed, only changed. That’s the first law of
thermodynamics. All the energy we have is in one of many forms: electrical, chemical,
mechanical, solar. The second law says that every time you convert energy from one form to
another it’s degraded in the process.Some forms of energy are more concentrated than others
are. Electrical energy, for instance, can do all kinds of miraculous things, like make laptop
computers work or turn heavy motors. Woodstoves, on the other hand, convert a lot of energy



potential from the wood into heat, but you can’t run a laptop with it. So there is a hierarchy of
energy forms that we can convert to accomplish the work we want to do.What the second law
tells us is that each time we change the form of energy (chemical to heat—heat to mechanical) it
becomes less useful. This is called entropy. Efficiency is converting energy from one form to
another with as little waste as possible. In the end, we can measure the “net energy” of any given
process—the percent of the original energy potential versus the actual work we have
accomplished.Does this have anything to do with building houses? Actually, it does. Our
challenge as designers and builders is to make the building as efficient as possible in all energy
conversions—that is, to keep energy in its most useful form and not let it escape or degrade
more than necessary. In other words, to create the least entropy. The closer the building is to the
source—the bottom of the energy food chain—the better.A classical example of high entropy
versus low entropy lies in the contrast between a house that is electrically heated and one that is
designed to be passive solar. Electricity makes a long journey before it arrives at the baseboard
heater. Suppose the electricity we use comes from coal. Coal itself is a very concentrated form
of chemical energy that was created over millions of years in a process of photosynthesis that
converted atmospheric carbon dioxide into a hydrocarbon fossil fuel. Enormous amounts of
energy are required to run the extraction equipment, trucks, and processing equipment. Then
coal is transported to a power plant that burns the coal to boil water that creates steam. The
steam spins a turbine that creates the electricity. The electricity then passes through a
transformer to create 240,000 volts for high-transmission lines. As it runs through the lines there
are line losses until it reaches its destination. It then passes through another transformer where it
is stepped down to 240 volts that we can use in our homes.LAWS OF NATURELAWS OF
NATUREGreen building is based on building science. One key is understanding the flow of heat,
which always moves from hot to cold. Heat transmits in three ways: conduction, convection, and
radiation. All three principles can guide the selection of the most appropriate materials and
practices for a green house.Green building is based on building science. One key is
understanding the flow of heat, which always moves from hot to cold. Heat transmits in three
ways: conduction, convection, and radiation. All three principles can guide the selection of the
most appropriate materials and practices for a green house.LOST IN TRANSITLOST IN
TRANSITWhen energy changes from one form to another, some of it is lost. Take, for example,
the energy potential in a lump of coal. Because of the different efficiencies of mining,
transportation, and electrical generation, only 15 percent of its energy potential is actually
delivered as usable power in a house.By the time it reaches us, electricity has lost 85 percent of
the potential energy of the coal used to make it. If we heat with electric resistance heat, we’re
getting only 15 percent of the energy the coal had to offer in the first place.Passive solar, on the
other hand, uses radiant heat directly from the sun to heat a house. Here, the energy makes only
one simple conversion from light to heat. The sunlight passes through south-facing windows,
strikes a solid object, and turns into heat that is re-radiated to human bodies. There is only one
energy conversion.The efficiency of the process is determined by the transparency of the glass.



At a minimum, we get 50 percent of the potential heat and with well-designed glass, we can get
up to 75 percent. And, it’s all free. That’s eating low on the energy food chain.Electricity from
conventional sources is an example of “high entropy,” meaning that much of the energy potential
in the fuel is lost between the point of initial generation and the end use.Electricity from
conventional sources is an example of “high entropy,” meaning that much of the energy potential
in the fuel is lost between the point of initial generation and the end use.In green building, having
an appreciation for entropy helps us select the best form of energy for the task at hand, using the
most efficient appliances or designs that make energy conversions with the least amount of
degradation (to heat) and retaining heat where we need it and in the form we want it. This is
where the building shell comes in.Thermal TransmissionEnergy moves in three ways—
conduction, convection, and radiation (see the drawing on p. 24)—and energy movement is
always a combination of all three. While we refer to insulation in terms of its conductive
resistance to heat movement, convection and radiation are also taking place on a more subtle
level. All of these are important in a house for different reasons, and the principles help explain
why some building techniques and materials work better than others do.ConductionHeat moves
through solid substances by this process. It is typically measured with an R-value (the higher the
number, the greater resistance to heat flow). Anything that conducts electricity typically has a
low R-value. Metals of all kinds fall into this category. Wood, not a good conductor, has a higher
R-value than metal. The insulation we use in houses works because it traps air, giving it a much
higher R-value.Passive solar design sharply reduces the amount of energy a house will
consume while still keeping occupants comfortable. Light-filled spaces are cheerful and inviting
as well as energy efficient.Passive solar design sharply reduces the amount of energy a house
will consume while still keeping occupants comfortable. Light-filled spaces are cheerful and
inviting as well as energy efficient.FEELING THE LOSSFEELING THE LOSSThe movement of
heat is experienced in a variety of ways: by forced and free convection of air, by direct
conduction through the floor, and by radiation to a cooler object, like a nearby window.So in
insulating a house from hot and cold, we look for materials that allow the least amount of
conduction or take steps to shield conductive materials so they don’t become energy
transmitters. Light steel framing, for example, can move tremendous amounts of energy through
the exterior walls of a house because it is such an efficient conductor. That’s why a steel-framed
house should be sheathed with rigid foam insulation. Cellulose, foam, cotton, mineral wool, and
other types of insulation conduct very little.ConvectionConvection is the movement of liquids
and gases because of differences in density. Convection explains why warm air ends up in the
upper floors of a house while the basement stays cold, or why a chimney draws smoke up and
out of the house.Our houses are filled with convective currents, some of which we feel and some
of which go undetected. Convection is more subtle than conduction, but when it’s not controlled,
it can result in a drafty, uncomfortable house. Worse, convection can carry moisture exactly
where we don’t want it—into wall cavities and attics where it condenses into water and
encourages mold and deterioration.When we become more aware of how convection works, we



can take steps in building houses to reduce its impact on comfort and health.RadiationRadiation
is the movement of energy from a hot object to a cooler one via waves. Think of the sun on a hot
summer day. The air temperature is the same in the sunshine as it is in the shade, but we feel
more comfortable when we get out of the sun and out of reach of all that radiant energy. A
fireplace can keep us warm even as a great deal of hot air escapes up the chimney.Radiant
energy heats objects rather than air. That’s why people are often happier with radiant-floor heat
than they are with a forced-air furnace. Their bodies feel the heat directly rather than feeling the
warm air.Controlling Heat FlowWe build houses so we can stay comfortable, and to keep the
weather at bay. Over time, we’ve gotten better and better at disconnecting our houses from the
climate around them. Houses today can look the same whether you’re in Anchorage or
Pensacola, and that doesn’t make a lot of sense. More logically, houses in those vastly different
climates would be designed to respond to the environment around them and thus have very
different appearances.Building science seeks to put the two back together. We want to
understand the building well enough to take advantage of the environmental benefits of local
climate and protect the occupants from undesirable climatic conditions (for more, see chapter
13).Insulation is a key part of designing for climate. How much insulation we can get between
outside and inside is partially determined by the structure of the building. Wood-frame buildings
were once framed with 2×4s on 16-in. centers, an approach so common that architects and
designers referred to this detail simply as “typical” or just “TYP.” So this is the place to start with
design.In the framing chapter (see p. 83), we will discuss various options for building the
structure, but the important thing here is to avoid “TYP” on construction drawings—it means that
too little is being done to fit the house to its environment. A house should be designed to meet
the requirements of the local environment. This means that insulation levels, or the overall R-
value of the house, should be higher than the minimums required by the local energy code. In a
good green home, the R-values of insulated floors, walls, and ceilings are often 50 percent
higher than what the building code requires.Air LeakageAir leaks, or drafts, can be responsible
for 25 percent of the heat loss in a new house, more in older houses. Moreover, when air moves
through the house because of leaks it is often laden with moisture that can end up in wall
cavities and condense, increasing the likelihood of mold and structural deterioration. Air traffic
control is the key. We have grown used to sealing the obvious problem areas with foam under
bottom plates, expanding foam around window and door framing, and insulation stuffed into
smaller wall cavities. It is the invisible and often convoluted paths of air leakage that need our
attention. Because air leaks are so detrimental to the energy performance of a house, it is
always a good idea to conduct a blower-door test after the house has been sealed. A fan housed
in a special door frame temporarily replaces the front door and pulls air from the house,
“depressurizing” the structure so that air leaks can be detected with a smoke stick. Air leaks
become visible so they can be corrected. The test shouldn’t cost more than a few hundred
dollars. It’s a simple way of verifying that air-sealing has been successful.Infiltration—unwanted
air intake into a house—can account for 40 percent of the heating load in existing buildings. New



homes are only slightly better at 25 percent.An infrared photograph shows energy losses around
a window. Areas shaded in red indicate sources of escaping heat—and wasted energy
dollars.An infrared photograph shows energy losses around a window. Areas shaded in red
indicate sources of escaping heat—and wasted energy dollars.UNCONTROLLED AIRFLOW
ROBS ENERGYUNCONTROLLED AIRFLOW ROBS ENERGYWithout an effective air barrier, a
house is like a balloon peppered with pinpricks. Air leaks reduce energy efficiency, make the
house less comfortable, and have the potential to cause mold and structural decay. Contributors
range from recessed lighting to an unsealed chimney chase.Doug Parker of Big Horn Builders is
conducting a blower door test, an accurate way of measuring how effective an air barrier really
is. It also provides a way to track down air leaks so they can be sealed.Doug Parker of Big Horn
Builders is conducting a blower door test, an accurate way of measuring how effective an air
barrier really is. It also provides a way to track down air leaks so they can be sealed.Air
BarriersControlling infiltration and exfiltration requires an air barrier between conditioned and
unconditioned spaces. Imagine a balloon with hundreds of tiny pinpricks in it. You can imagine
that it won’t be inflated for very long. The air barrier is the way we keep the conditioned air in the
house and stop heating or cooling the outdoors.Sealing holes around electrical wires and
plumbing pipes is an essential part of creating an effective air barrier. Expanding urethane foam
makes a good sealant.Sealing holes around electrical wires and plumbing pipes is an essential
part of creating an effective air barrier. Expanding urethane foam makes a good sealant.There
are many different materials assembled into the envelope of a house, and where these materials
intersect should be the focus of air sealing. A stud doesn’t allow much air to pass through it, but
when there are studs nailed together, they form gaps that allow air to get through. When you
install a window, you are creating a gap in the sheathing that can allow more air to escape.
Pipes, wires, and ducts, as they intersect the structural members, also are places where air can
leak. The integrity of the air barrier is one key to efficient heating and cooling.Establishing and
maintaining an effective air barrier is the responsibility of many members of the building team.
From the start, the architect must understand where the air barrier will be. Framers should frame
to meet that requirement, and the insulating contractor should be thorough. The superintendent
or lead carpenter must be able to “see” the potential for air movement before the fact. In other
words, everyone needs to be in the game.ACCOUNTING FOR WINDACCOUNTING FOR
WINDWhen a house lacks an effective air barrier, air infiltration from wind becomes a problem.
On the windward side, where pressure is higher, air blows into the house. On the leeward side,
where pressure is lower, air is drawn through gaps and holes in the envelope. The result? A
drafty house, wasted energy.An air barrier on the outside of this house will help keep wind from
washing through walls and lowering the efficiency of thermal insulation.An air barrier on the
outside of this house will help keep wind from washing through walls and lowering the efficiency
of thermal insulation.Airflow MechanismsWind speed and direction create pressure differentials
on different sides of the building. The side facing the wind encounters higher pressure while the
opposite side has a lower pressure. These differences cause air to move in the building. If there



are cracks or penetrations on the windward side, air will be pushed into the building, through the
insulation, and into the living space. That’s often around doors and windows. Or the air may
follow wiring and create drafts in unexpected places. Because of the lower pressure on the
leeward side of the house, air will be pulled out of the building and enhance the flow. This will
always vary by season and microclimate conditions.HOT AIR RISESHOT AIR
RISESConditioned air can vanish thanks to convection. As hot air rises through chimney flues,
unsealed recessed lighting, and duct penetrations through the building envelope, it is replaced
by air that enters the house elsewhere. Although the stack effect is an immutable law of nature, it
can be controlled.Stack effectBasic convection pressures explain the stack effect. Cold air is
heavier than warm air. It falls after coming into contact with cold window glass or poorly insulated
walls, pushing warm air higher in the building. That, in turn, pushes air out of the house. Warm air
(under pressure) will find any way it can to escape into the attic or out through band joists. The
higher the temperature difference, the greater the force. This causes infiltration from lower
sections of the building. The remedy is to inspect the attic and seal all air bypasses well before
insulation is installed. Also, pay special attention to how insulation is installed, and seal around
wires, ducts, and pipes that penetrate the barrier between living spaces and the attic.Flue
effectAny house with an atmospherically vented combustion appliance with a pilot light (furnace,
water heater, fireplace) will have flues for combustion gases. They often run from the basement
through the house and exit at the roof. Even when the furnace isn’t running, the pilot flame is
burning and causing a draft up the flue. This draft also carries conditioned home air with it so
there is constant loss of conditioned air. All flues work this way, which explains why fireplace
flues should always be closed when the fireplace is not being used.Another way to defeat this
energy-robbing phenomenon is to buy pilot-less appliances equipped with electronic ignition
and to install direct-vent or sealed combustion equipment wherever possible. This type of
appliance is typically vented through a sidewall of the house, not a chimney. It uses a double-
walled pipe that introduces fresh air for combustion while safely venting combustion gases.Tight
Houses Need VentilationAs we tighten up the house and seal all potential air leaks, we also have
to provide a way to introduce fresh air and expel stale air with mechanical ventilation. Many
builders wonder about the logic of tightening up the house so religiously only to install ventilation
equipment that seems to undo all that effort. The reason is that it’s much less expensive to
control the flow of fresh air in a sealed house with mechanical ventilation than it is to depend on
random air migration through the building envelope in a leaky house.Barbara Harwood, an
award-winning builder from Dallas, Tex., likes to say there is no such thing as a home that’s built
too tight. It’s only underventilated. Long ago, there were subcontractors who specialized in HVAC
(heating, ventilating, and air-conditioning). But somewhere along the line the “V” got dropped so
that most are now “HAC” contractors. Too bad, because the ventilation part of their moniker is
the most important one for good building performance.Mechanical ventilation also helps us
define the right pressurization of a house. Conventional homes with forced-air systems often
create negative pressure inside the house because of leaky return ducts. They suck air from the



house and draw in air from the outside. Add a dryer vent, a kitchen exhaust hood, and a
bathroom fan and the negative pressure can back-draft unburned gases from flues for the
furnace or water heater. This can introduce carbon monoxide in the house, a potentially fatal
problem (for more, see chapter 9, p. 173). A good mechanical ventilation system will create a
slightly positive pressure in the house that resists infiltration and prevents back-drafting. At a
minimum, the house should be pressure neutral.KNOW YOUR CLIMATEHouse design should
start with a sense of place:• What are the outstanding qualities of the climate (hot-dry, warm-
humid, cold-windy, Mediterranean-mild)?• What are the average high temperatures in the
summer and average lows in the winter?• How many months of the year MUST the house be air-
conditioned?• When the weather is mild (spring and fall) from which direction does the wind
blow?• What is the latitude of the site?• What is the angle of the sun off the horizon on June 21
and December 21?• How high is the water table?• What kinds of insects in the area may affect
the building (termites, carpenter ants) or the inhabitants (mosquitoes)?KNOW YOUR
CLIMATEHouse design should start with a sense of place:• What are the outstanding qualities
of the climate (hot-dry, warm-humid, cold-windy, Mediterranean-mild)?• What are the average
high temperatures in the summer and average lows in the winter?• How many months of the
year MUST the house be air-conditioned?• When the weather is mild (spring and fall) from
which direction does the wind blow?• What is the latitude of the site?• What is the angle of the
sun off the horizon on June 21 and December 21?• How high is the water table?• What kinds of
insects in the area may affect the building (termites, carpenter ants) or the inhabitants
(mosquitoes)?Heat recovery ventilationHeat recovery ventilation, which is discussed in more
detail in chapter 9, brings in fresh air while exhausting indoor air. Heat recovery ventilators
(HRVs) usually have two fans: one pulling in fresh air and the other exhausting stale house air.
Air streams pass each other through an air-to-air heat exchanger that moderates incoming air by
extracting heat from the conditioned air and conveying it to the incoming air stream (just the
opposite when you’re running an air-conditioning system).Heat recovery ventilators are an
effective way of taking the sting out of ventilation systems that expel conditioned air that has,
after all, been heated or cooled at our expense.The Many Faces of WaterIf we think back to our
high school physics classes, we’ll remember that water can be a solid, a liquid, or a gas. In all of
its forms—ice, rain, and vapor—water can be a challenge to control in a building. Ice dams
forming on roof edges allow water to back up under shingles, get around the felt paper, and find
its way into the house. In the form of rain, water can penetrate siding, migrate into wall cavities,
and cause mold and rot. As vapor, it can enter wall cavities through switch plates and outlets or
through any cracks in drywall (between base molding and drywall edge, for instance) and get
into wall cavities. Prevention of moisture in all phases is our insurance of a durable house that
will last 100 years or more.CAPTURING LOST ENERGYCAPTURING LOST ENERGYA
mechanical ventilation system is key to indoor air quality, and a heat recovery ventilator (HRV) is
one way of ensuring that energy losses are minimal. An HRV tempers incoming air with
exhausted air, which can be an effective energy saver in both heating and cooling climates.A



mechanical ventilation system is key to indoor air quality, and a heat recovery ventilator (HRV) is
one way of ensuring that energy losses are minimal. An HRV tempers incoming air with
exhausted air, which can be an effective energy saver in both heating and cooling climates.Like
heat, water wants to move. Understanding that process will help us design houses that are more
durable.GravityWater always flows downhill. Plumbers know that, which is why they make so
much money. But many of the trades have forgotten that fact. We should always put felt paper on
the roof from the eaves to the ridge with the upper course overlapping the lower course—just like
the scales on a fish. This is also critical for walls where either housewrap or tarpaper is used.
Housewrap with holes or tears in it can’t work as designed, and no seam should face uphill. This
may seem painfully obvious, but the fact is that some builders don’t follow these simple
rules.Whole-house mechanical ventilation keeps people healthy. A heat recovery ventilator
reduces energy losses by extracting energy in outgoing air and using it to temper incoming
air.Whole-house mechanical ventilation keeps people healthy. A heat recovery ventilator
reduces energy losses by extracting energy in outgoing air and using it to temper incoming
air.DiffusionWater (like heat) always flows from areas of higher concentration to areas of lower
concentration. That means if we have saturated soil on one side of a foundation wall and warm,
dry conditions inside the house, water will try to find a way through the concrete to the drier side.
This is why foundations should always be treated to block moisture and why perimeter footing
drains and porous backfill around a foundation are important.AIR MOVES MOISTUREAIR
MOVES MOISTUREMoisture can be carried into wall and ceiling cavities in a process called
vapor diffusion. Wall assemblies also need a way of drying out, even more difficult when a vapor
barrier is placed on both interior and exterior surfaces (A). In the second instance, permeable
interior finishes allow drying to the inside of the building (B).Capillary actionCapillary action is
the ability of water to flow through a material, from wet to dry. Just like heat, moisture moves
through materials based on their properties. Some are better at wicking moisture (remember that
was wood’s job when it was a tree), and some are more resistant (petroleum-saturated felt
paper, for instance). We need to know which building components will be in contact with water
and protect them with appropriate materials to resist the migration of moisture.AirflowWater
vapor goes where air moves it. Think of it as a hitchhiker on molecules of air. If air can get into a
wall cavity, so can moisture. It wouldn’t be such a problem if the people inside the house would
stop their bad habits that create a lot of moisture. But it seems we are committed to taking
showers, watering plants, boiling vegetables, and, worst of all, breathing. So if we can’t change
our behavior we need to prevent that moisture from getting into walls and ceilings from the
inside.The most effective way to reduce interior moisture is to collect it at its source and get it out
of the house. Installing good quality bathroom fans and range hoods (good quality so they work
quietly and people actually use them) is one obvious step. Another is making sure that dryer
vents are correctly installed and never terminate in a basement or attic.Controlling Sound
TransmissionIncreasingly, Americans are becoming aware of noise pollution. Whether it is
produced by a teen blasting music from his bedroom or a nearby freeway, noise can be an



unpleasant intrusion. We may aspire to peace of mind at home, but that’s hard to do when we’re
bombarded by loud and unexpected noises. It makes us irritable, distracted, anxious, and
hostile, sometimes without consciously making the connection to noise. Good design and
selection and installation of building materials can reduce the intrusions whether they originate
in the house or from outside.Carpet is not a cure-all for noisy houses. In fact, it is typically only 15
percent to 20 percent absorptive. It would take four times as much carpet to have the same
impact as a typical acoustic material, which is about 80 percent absorptive.An acoustics expert
might tell you that controlling noise at the source is usually the best solution. That works with
your teenager’s stereo but many environmental sources of noise—highways, trains, airplanes,
nearby construction equipment—are beyond our control.Windows are often the culpritWhen
noise from the outside is a distraction, windows are often to blame. Exterior walls will typically
block at least 45 to 50 decibels of sound, but even a very high quality window might not be able
to block 40 decibels.Dual-pane windows with increased air space between the sheets of glass
improve acoustic isolation. “Superglass” windows, in which glass is combined with a very thin
layer, or layers, of plastic are even more effective (for more, see p. 140). Noise, however,
migrates through the weakest structural element, and that could be a door or ventilation duct as
well as a window. The acoustic isolation provided by a door is only as good as the effectiveness
of the door seal. If air can get around or under the door, so can sound.MIGRATING
WATERMIGRATING WATERCapillary action can move water into places it wasn’t meant to go.
In the first instance below (A), a polyurethane barrier and coarse gravel stop the migration of
some water but the lack of a capillary break between the foundation wall and the footing allows
moisture to migrate into foundation walls. A capillary break (B) reduces the problem.Walls that
reduce soundWalls vary in their ability to reduce noise. A typical single-partition gypsum board/
stud wall will have a sound transmission class (STC) in the mid-30s depending on such
variables as the width of the stud and the amount and type of insulation in the wall cavity. Ideally,
one would want to match this wall with a similar STC rating for the glass opening. Thinner
laminated glass will equal a considerably thicker piece of plate glass.Typical wall construction of
2×4s on 16-in. centers with fiberglass insulation is not very effective in reducing sound.
Structural insulated panels or framed walls with exterior rigid foam are more effective. Cellulose
and foam insulation do a better job of reducing noise than conventional fiberglass batts
(although there are fiberglass batts explicitly designed for sound mitigation). The ideal
combination for houses close to noise sources would take advantage of SIPs, sided with
cementitious boards, along with Superglass® windows. This combination results in a very quiet
house and, coincidentally, is a recipe for a very energy-efficient home.Another option for homes
close to environmental noise is the staggered stud approach, which has the added advantage of
reducing thermal bridging. A further option is to add flexible C-channel to inside walls
perpendicular to the studs. These are placed on 16-in. centers as backing for drywall. The C-
channel absorbs some of the sound and isolates the drywall from the vibrations of the wall
assembly.Barriers and distance to block soundSomething as simple as increasing the distance



from the source of noise or putting other materials between the sound source and the house can
reduce unwanted noise. That can be a factor in deciding where to locate a house on the site,
assuming the size of the lot provides some wiggle room.Noise barriers are also a possibility.
They can be earth berms, solid walls, or neighboring buildings. Vegetation, by the way, provides
little if any reduction in noise. To be effective, barriers must block the line of sight between the
noise source and the house. A density of 4 lb. per sq. ft. is enough, providing there are no
openings in the wall. Barrier walls, however, won’t reduce noise by more than about 10
decibels.As cities and neighborhoods become ever more crowded and traffic increases, noise
becomes more difficult to control. While specialized construction techniques and materials can
be used to control noise transmission inside the house, we can’t do much about urban sprawl
and commuter traffic. If you can’t reduce sound to a satisfactory level by any other means, you
may have to combat noise with some of your own—an outdoor water feature, for example, that
masks an unpleasant sound with a soothing one.Putting It All TogetherWhat building science
tells us is that good design requires good thinking about the house as a system. By considering
the thermal properties of the home from a building science perspective, code becomes irrelevant
—not irrelevant to getting a building inspector’s blessing along with a certificate of occupancy
but irrelevant in terms of good construction.DECIBEL COMPARISON CHARTDECIBEL
COMPARISON CHARTIn the Ear of the BeholderNoise is measured in decibels, a logarithmic
not a linear scale. An increase of 10 dB, for example, is perceived as a doubling in sound.
Choosing building materials carefully can reduce the impact of unwanted sound
substantially.SourceLevelThreshold of hearing (TOH)0 dBRustling leaves10 dBWhisper20
dBNormal conversation at 31⁄2 ft.60 dBBusy street traffic70 dBVacuum cleaner80 dBTrain whistle
at 500 ft.90 dBLarge orchestra98 dBWalkman at maximum level100 dBPower saw105 dBFront
rows of rock concert110 dBThreshold of pain130 dBMilitary jet takeoff at 100 ft.140 dBInstant
perforation of eardrum160 dBSourceSourceLevelLevelThreshold of hearing (TOH)Threshold of
hearing (TOH)0 dB0 dBRustling leavesRustling leaves10 dB10 dBWhisperWhisper20 dB20
dBNormal conversation at 31⁄2 ft.Normal conversation at 31⁄2 ft.60 dB60 dBBusy street trafficBusy
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Andrea Thompson, “Read it cover to cover great very informative book. Everything you need to
understand about building green! Easy to read.”

Hill Country Bob, “Useful cold weather book. A informative book on what to do in designing and
building an efficient house.This book is written mostly for cold climates, vice hot climates. It has
a lot of high level knowledge about a house and the systems that can be utilized for efficiency. I
ignored the parts that dealt with global warming and energy running out, as they are not really
important to how the house should be designed and built. They have done an excellent job of
looking at what can be done today, and what makes sense to do in building a house. They seem
to be more aimed at temperate and cold climates in the USA, and do not pay as much attention
to hot climates, and what can be done in a hot climate to keep the place cool. In particular, what
to do about windows, and house orientation etc. In temperate and cold climates, having lots of
south facing windows and the thermal mass for the winter time makes sense. What are their
recommendations for hot climates, where solar heating is not really needed in the house, except
perhaps for a short period in the winter time? Good job. Interesting and informative book with
lots of illustrations and photographs.”

dbkr, “helpful, easy to understand, well written. This was exactly the general overview of green
building I was looking for. There's a decent amount of specific vocabulary that's either well
defined and/or illustrated. I found it very useful and informative, full of great tips.The only
negative is that it reads a bit like a school textbook with the writing interspersed with pictures and
boxes of definitions. While all of those components are really helpful and necessary, the layout
was not a style that I gravitate towards.But overall, well worth it for someone looking to learn
more who has some basic understanding of home building.”

Paul A. Gartman, “From the Builder perspective but good for the buyer as well. Very well written
book with lots of good information on building green - the book is written from a builder
perspective while I am reading from a person who wants to build a new house. Regardless, very
good information on all the aspects of building green and how you cannot just add insulation, or
go solar but how the full package is important. One of the reasons I purchased this book was
that it appeared to be the most current - after reading the full book, it is clear that this is an
update of an older book and some of the information seem a bit dated but still relevant. It is a
quick read -- just a few days and lots of relevant information so I have some knowledge when I
talk to the builder.”

DLL, “It is not a sales pitch for green like other publications with lots of why but nothing about ....
This book is a guide to help one understand the principles of how to build Green and why. It is
not a sales pitch for green like other publications with lots of why but nothing about how. It



presents a variety of possibilities depending on how the build needs to be done and an
understanding of what's the best choice under the circumstances for the specific build. It also
ties the various aspects of the build together to show how one part effects another.I am doing a
major overhaul of a property and appreciated the comment early in the book not to worry about
going backwards but from where my build started making good choices for the rest of the
project. With the information I have from the book backed up by those I'm working with I have
confidence that I will end up with a great overhaul.”

Yahor Shumski, “Great introduction into green home construction. I had no building background
and was looking for a book with smart coverage of every aspect associated with house building
and ownership. This book suits very well.Every chapter consists of introduction, best practices,
tips and details to pay attention for. There is no text verbose, chapters are short but
thorough.The book is good illustrated though at first glance illustrates looked obstructive as they
break the text flow.The only thing I wish is the 2nd edition, there can be a progress in building
materials and heating technologies since 2008, when the book was published.”

tlhinton, “Great book. I do not build houses, nor know a whole lot about it, but got this book as I
want to learn more about green home construction and how to reduce my home energy bills.
This book is great, has just enough detail on various construction techniques to get you to learn
more on the one that best fits your needs and area. I have loaned it out to several coworkers
who all enjoy it as well. The book covers everything from framing, HVAC, installation, plumbing,
and sustainable products. If you are looking for a guide on how to make your current or future
home more efficient and save you money, this is it.”

Justin Maynard, “Excellent!!!!!!!. This is the best book I have found on green building or green
renovation. It details many green systems that are easy to design in to your new or current home.
If you want to do something good for the environment then buy a copy and give to any contractor
or potential home buyer/builder you know. This is the kind of knowledge that what will fix global
warming. Sound systems that save customers money and it actually pays for itself. The
environmental aspect is just a bonus. Ask your contractor if they know this stuff. If they don't ask
them to learn it or find a new one. Buy this book! You will not be disappointed.”

RAGUL, “Practical reference book. Found this a very easy book to browse through. I had already
been through the online version but the book is enriched with images, which is nice. While many
of the technologies are similar, the focus of the book is American, a UK specific version -with
local brands etc - would be welcome.”

Debbie, “Green. Excellent book easy to understand and covers a wide range of subjects. would
recommend to anyone intrested in green matters.”



Mr. J. J. Riley, “good info. very good”

The book has a rating of  5 out of 4.6. 158 people have provided feedback.
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