
COMPLETELY REVISED & EXPANDED

INSULATE &  
WEATHERIZE

bruce harley

FOR ENERGY EFFICIENCY AT HOME

Taunton’s BUILD LIKE A PRO®



Insulate and 
Weatherize

For Energy Efficiency at Home

Bruce Harley

t

BUILD LIKE A PRO®

  Expert Advice from Start to Finish

Taunton’s



Dedication
To my parents, Robert and Barbara Harley, who taught me everything that’s most important

Text © 2012 by Bruce Harley
Photographs © 2012 John Curtis, except as noted on p. 229
Illustrations © 2012 by The Taunton Press, Inc.

All rights reserved.

Pp
The Taunton Press, Inc., 63 South Main Street, P.O. Box 5506, Newtown, CT 06470-5506

e-mail: tp@taunton.com

Editor: Alex Giannini, Peter Chapman

Copy editor: Seth Reichgott

Indexer: Jim Curtis

Jacket/Cover design: Kimberly Adis

Interior design: Kimberly Adis

Layout: Kimberly Shake

Photographers: Front cover: (main photo) Randy O' Rourke; (left photos) John Curtis
Back cover: (top photo and bottom left photo) Randy O' Rourke; (bottom center photo) The Energy Conservatory; 
(bottom right photo) Mike Guertin & Rick Arnold 

Illustrator: Ron Carboni & Mario Ferro

Build Like a Pro® is a trademark of  The Taunton Press, Inc., registered in the U.S. Patent and Trademark Office.

Library of Congress Cataloging-in-Publication Data in progress

E-Book ISBN 978-1-62113-703-0

Printed in the United States of America

10 9 8 7 6 5 4 3 2 1

The following names/manufacturers appearing in Insulate and Weatherize are trademarks: 3M®, Adjust-a-Box®, AirCycler®, 
Airetrak®, AirTap®, Altherma®, AO Smith®, Aquatherm®, ASTM™, Autocirc®, Belkin®, Bi-Glass®, BoilerMate®, Bradford 
White®, Bye Bye Standby®, Cityproof®, Conserve Insight™, Consumer Reports®, CPFilms Inc.®, CREE®, D’Mand®, Daikin®, 
Danfoss®, Definity®, Delta-FL®, DensArmor Plus® , Dow® Thermax™, Duro Dyne®, Duro-Zone®, EcoSeal™, EnduraLED™, 
Energy Star®, EnergyComplete™, evolve™, FanCycler®, Fujitsu®, GE®, GreenGlass®, Grundfos®, Harvey®, HTP®, Innerglass®, 
International Energy Conservation Code®, Jonns-Manville Spider®, Kenmore®, Kill a Watt®, Knauf Perimeter Plus™, Lutron®, 
Marathon®, Maxlite®, Mitsubishi®, Modlet®, National Geographic®, National Gypsum e2XP®, Nest Learning Thermostat™, 
NightBreeze®, Nyle Systems Geyser™, Owens Corning®, Panasonic®, Philips®, Plexiglas®, PolyTuff®, Powercost Monitor™, 
Q-lon®, Real Goods®, Rheem®, Sanyo®, Sharp®, Smart Strip®, Smith®, SuperStor®, Switch Lighting™, Taco®, TCP®, The 
Energy Detective™, ThinkEco®, Tu-tuf®, Typar®, Tyvek®, Uponar®, Venmar®, Vertex™, WaterSense®, Watt Stopper®, Watts 
Up?™, WhisperGreen®

About Your Safety: Construction is inherently dangerous. From accidents with power tools to falls from ladders, scaffolds, and roofs, 
builders risk injury and even death. We try to promote safe work habits through our articles. But what is safe for one person under 
certain circumstances may not be safe for you under different circumstances. So don't try anything you learn about here (or else-
where) unless you're certain that is it safe for you. Please be careful.



My hope for the second edition of 
this book is a continuation of the first: that its suc-

cess will be in providing real and lasting benefit to 

many people. If it helps you, please consider it a 

small payment “forward” in exchange for the huge 

gifts others have given me. Without every one, I 

really couldn’t have done it. Please pass it on.

Many, many thanks:

To Dan Berube, Michael Blasnik, Terry 

Brennan, Chris Derby-Kilfoyle, Paul Eldrenkamp, 

Jim Fitzgerald, Martin Holladay, Dave Keefe, 

Mark LaLiberte, Joe Lstiburek, Bill Reed, Bill 

Rose, Marc Rosenbaum, Bill Rock Smith, John 

Straube, Stephen Strong, Alex Wilson, and many 

others for teaching me lessons about buildings and 

building science, and for modeling a thoughtful 

and humorous approach to teaching people about 

buildings and the people who live in them.

To Caitriona Cooke, Steve Cowell, Mark 

Dyen, Bob Eckel, Adam Gifford, Rick Giles, 

Adam Parker, David Weitz, and many, many 

others at Conservation Services Group—past and 

present—for helping in ways both large and small, 

for contributing to a fantastic work environment, 

and for walking the talk.

To Mieke, Kenja, Carol, Paula, Mark, 

Catherine, Marsha, Roland, Elise, and Alan, for 

being supportive in every way imaginable, and 

especially for laughter.

To Scott Carrino, Chungliang Al Huang, 

Stephen and Ondrea Levine, Meredith Monk, 

Andrew Weil, and especially to the Moving Men, 

for inspiration and open-heartedness, which have 

helped me to survive and even flourish— 

physically, spiritually, emotionally; and for 

helping me find my voice.

To Peter Chapman, Dan Morrison, and many 

others at The Taunton Press who have helped me 

along the way. It’s a great crew, and I’m happy to 

make my small contribution.

To Molly Kerns at Tsubo Massage, Nancy 

Quevillon at Williamstown Family Chiropractic, 

and Nicole Methot at Williamstown Wellness, for 

keeping me in shape; Dan Cote, Andy Gaines, 

Paul Fisette, Ron Jackson, John Livermore, Maria 

Loring and Al Wroblewski, Blake McClenachan, 

Kent Mikalsen, Ken Nardone, Ken Neuhauser, 

Dave Roberts, Brian Starr, Buck Taylor, and 

Wild Oats Community Market. Special thanks to 

Charley Stevenson.

And to so many others, my work is truly a 

reflection of all those who have inspired, nurtured, 

mentored, and helped me along the way.

acknowledgments



CONTENTS
Introduction 1 

Energy Basics 4
Understanding Heat Transfer 6

Defining the Thermal Boundary 10

Energy, Moisture, and Building 
Durability 15

Air Barriers and Indoor Air Quality 21

Weighing Costs and Benefits 25

Sealing Air Leaks 28
Air-Sealing Priorities 30

Attic Air-Sealing 32

Basement/Crawlspace Air-Sealing 41

Sidewall Air-Sealing 47

Weatherstripping Doors and Hatches 48

Ventilation Systems 50
Do I Need a Ventilation System? 52

Simple Ventilation Systems 54

Central Ventilation Systems 58

Insulating a House  62
Attic Insulation 64

Sloped Ceilings 72

Insulating Walls 79

Insulating Floors 85

Insulating Foundation Walls 89



Windows  92
Window and Energy Basics  94

Replacing Windows  98

Improving Existing Windows  103

Heating Systems  108
Simple Conservation  110

Duct-Sealing  112

Furnaces  117

Heat Pumps  121

Electric-Resistance Heat  127

Hot-Water and Steam Boilers  128

Upgrading or Replacing 
Heating Equipment  133

Air-Conditioning  136
Cooling Basics  138

Reducing Loads  140

Maintenance and Upgrades  146

New Air-Conditioning Systems  148

Hot Water  152
Hot-Water Conservation  154

�Maintenance and Efficiency
Upgrades  157

Replacing Hot-Water Systems  164



 vi

Renovations 172
Consider the Big Picture 174

Air-Sealing 177

Insulation 179

Built-Up Walls and Roofs 
for High R-Values 184

Moisture Control 189

Mechanical Systems (Heat, Air-
Conditioning, Hot Water, Ventilation) 192

Electronics, Appliances,  
and Lighting 194

The Impact of Lights and Appliances 196

Electronics 199

Appliances 201

Lighting 204

Renewable and Alternative 
Energy 210

Photovoltaics: Solar Electricity 212

Solar Thermal Systems 215

Other Technologies for 
Electric Generation 220

Solid Fuels 222

Resources 224

List of Contributors 228

Photo Credits 229

Index 230



introduction

like high-performance fiberglass for blowing 

into wall cavities and sprayed-on sealants for  

renovation work. High-efficiency, low-cost duct-

less heat pumps can heat a house for a fraction  

of the cost of oil or LP gas. Heat pump water 

heaters and LED lighting have made the shift 

from interesting ideas to viable products. Some 

techniques have matured in the marketplace, like 

the use of sprayed foam insulation combined 

with other materials to control cost while maxi-

mizing control of heat, air, and moisture. While 

updating the book to reflect these changes, I’ve 

expanded the chapter on renovations to reflect a 

growing movement toward “deep” energy retro-

fits, green building, and the latest techniques to 

maximize the benefits of any remodeling proj-

ect. The chapter on lighting and appliances has 

grown to include new technologies and prod-

ucts, and I’ve added a whole new chapter outlin-

ing the basics of renewable energy systems.

Even with all the new material, this book 

still emphasizes the dynamic house system, with 

a focus on understanding the interactions of 

energy, moisture, air quality, combustion safety, 

and ventilation in houses. Although this book is 

intended to provide a balanced, overall view, it 

is impossible to anticipate all possible situations 

When I wrote the first edition of 
Insulate and Weatherize in 2002, my hope was 
to put good-quality information in the hands 
of homeowners, do-it-yourselfers, builders, and 
energy professionals. Forty-five thousand cop-
ies later, I’ve heard countless stories of people 
using the book with excellent results. One 
even asked me, “How could you possibly make 
it any better?” It can be difficult to improve on 
a good thing, and certainly the basics haven’t 
changed much. Huge amounts of energy are 
still wasted via hidden air leaks you can stick 
your arm through, poorly insulated attics and 
walls, leaky ducts, inefficient heating and cool-
ing systems, and cheap water heaters that still 
rely on 1950s technology. The solutions haven’t 
changed very much, either: Seal the leaks and 
insulate your house and ducts, and buy better 
equipment. Most of what you need for success 
depends on attention to detail and commit-
ment to getting the job done right, and the 
benefits still include lower monthly bills, better 
comfort, improved air quality, and increased 
control of moisture.

At the same time, this new edition reflects 

some real changes that have taken place since 

2002. There are some innovative new products, 



that could lead to trouble, including structural 

failure, carbon monoxide poisoning, or chronic 

indoor air problems. If you feel that the descrip-

tions and background information offered here 

do not address your specific situation, hire a pro-

fessional who is skilled in building-performance 

evaluations to help you plan a strategy.

In the ten years that have passed since the first 

edition of this book, the average family’s energy 

expense has increased from about $1,500 to 

$2,200 per year. That increase makes energy effi-

ciency more cost-effective than ever. The same 

decade has seen a surge in interest in energy 

issues, fueled by increasing prices, a growing 

sense of urgency about climate change and pol-

lution, and concerns about long-term instability 

of energy resources. Those changes bring good 

news: The time is better than ever to make your 

house energy efficient. An investment in energy 

savings has a far better return than the stock 

market: A package of improvements with a ten-

year payback amounts to a 10-percent rate of 

return. Prices for many efficiency measures are 

lower than ever, partly because of significant util-

­2

ity, state, and federal government incentives, and 

partly due to increased production of technolo-

gies such as solar electric modules.

Saving energy at home can fix some real 

problems: Ice dams on roofs, freezing pipes, 

and mold growth from condensation in build-

ing cavities can all be helped or eliminated by 

paying attention to energy flows and the house 

system. Saving energy is also one of the best 

things you can do for the environment, espe-

cially if you’re remodeling or updating some-

thing anyway. Buildings (including homes) 

represent nearly half of the energy used in this 

country, and nearly half the carbon emissions—

they are almost equal to transportation and 

industry combined. Every time someone invests 

in updating a home and doesn’t improve the 

energy efficiency to substantially higher levels, 

the opportunity to make those gains and reduce 

emissions is lost for decades to come. My hope 

is that everyone who reads this book will be 

able to use it to provide real, lasting benefits for 

themselves, their successors, and the planet.
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There is a lot of misconception, folklore, and 

conflicting information about the consequences of 

weatherizing a house: “A house has to breathe—you 

don’t want it too tight”; “Too much insulation will make your 

house rot”; “Insulate your attic because heat rises.” Although 

some of these statements are based on fact, they tell only part 

of the story.

If you’re considering making energy improvements to your 

home, it is important to look at the big picture. Houses are 

complex systems: Energy, moisture, air, people, structure, and 

mechanical systems all influence and affect each other. In this 

chapter, I’ll give you a basic overview of the “house system” 

approach and outline the basics of energy and moisture move-

ment. I’ll also explain the key concepts so you’ll know why it’s 

important to view the home as a system. With this information, 

you can plan and prioritize your weatherization projects; maxi-

mize your comfort, health, and safety; and minimize building 

maintenance. 444

2
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Insulation and air 
leakage both play a big 
role in the energy usage 
of most houses. Always 
seal air leaks when you 
insulate a house.

protip
Understanding  
Heat Transfer
You don’t need to be a heating engineer to 

know how to install insulation. But by under-

standing how the mechanisms of heat transfer 

work and their relative importance in your 

home, you can better decide how to approach 

any weatherization project that you undertake.

Heat transfer is the movement of heat from 

indoors to outdoors in the winter, and from out-

doors to indoors in the summer. If heat transfer 

didn’t occur, your house would always keep you 

cozy and warm in the winter and cool and com-

fortable in the summer, without the use of a fur-

nace or air conditioner. In a way, the function of 

your furnace or air conditioner is less to “make 

heat” or “make cold air” than it is to replace the 

heat that escapes in the winter and remove the 

heat that enters in the summer.

There are three forms of heat transfer: con-

duction, convection, and radiation. Of the three, 

conduction and convection are larger in magni-

tude—how fast the heat moves—and radiation 

can have a big influence on the comfort inside 

a house. Let’s look at how each of these mecha-

nisms operates and affects your home.

Heat flows toward cold
Conduction refers to the movement of heat 

through solid materials. Conductive heat loss 

always moves from the warm side to the cold 

side of a material. For example, if you have a cup 

of hot coffee outside on a cold day, the heat will 

move through the cup and out into the cold air 

around it (or into your hands to help keep them 

warm). On the other hand, if the weather is hot 

and you have a cup of iced tea, the heat will 

move from the warm air, through the cup, and 

into the tea, warming it.

The greater the temper-
ature difference between 
one area and another, the 
faster heat moves. A cup 
of hot tea cools quickly 
at room temperature 
because the temperature 
difference is large: about 
90ºF. Iced tea takes about 
twice as long to warm up, 
because the temperature 
difference is about half 
(40ºF). If you were trying 
to keep a cup of tea hot 
with a heating element, 
the heater would need to 
produce twice as much 
heat to maintain the cup 
at 160ºF as it would to 
keep it at 115ºF (assum-
ing the room is 70ºF).

INDETAIL

Always seal air leaks before insulating. 

Steel studs, joists, and headers are superb con-
ductors of heat. Without an effective thermal 
break, such as rigid insulation, they conduct far 
more heat than conventional wood framing. 
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Different materials allow conduction to 

happen at different rates. For example, a steel 

pan efficiently transfers heat from a stove burner 

to food because steel is a very good conductor 

of heat. For the same reason, steel framing in an 

exterior wall performs poorly from an energy-

efficiency standpoint. Thermal insulation describes 

a class of products designed to slow conductive 

heat loss in walls, ceilings, and floors. Common 

types of insulation, such as fiberglass, cellulose, 

and polystyrene foam, are poor conductors of 

heat (for more on insulation, see “Insulating  

a House”).

It is important to remember that heat flows 

through solid materials toward cold in any direc-

tion. A house may lose more heat down through 

an uninsulated floor in a sunroom than it loses 

up through the well-insulated ceiling of the 

same room. The reason attics are usually insu-

lated to a higher degree than walls or floors is 

not because heat rises; it is simply because attics 

have more space for insulation. The old saying 

“heat rises” is misguided—heat actually moves 

in every direction. However, that saying does 

have some truth to it, which brings us to the 

next subject: convection.

Heat moves on air

To an engineer, convection describes heat transfer 

through the movement of fluid, but convec-

tion in the engineering sense is a much more 

complex subject than we need to understand for 

weatherizing homes. For our purposes, convec-

tion can be thought of as heat transfer through 

air movement (an engineer would actually call 

this “mass flow”). What causes air to move? 

Three main forces cause air to move through 

your house: the stack effect, wind, and mechani-

cal systems. Because air flow and its causes are 

often misunderstood, I will go into some detail 

discussing them here.

The stack effect The first convective force, 

the stack effect, is what is meant by the saying, 

“Heat rises.” What is really meant is, “Warm 

air rises when surrounded by cold air.” In the 

winter, a house is very much like a hot-air bal-

loon that is too heavy to lift off the ground. If 

you were the pilot and wanted the balloon to go 

up, you would turn on the burner and add more 

heat; this would increase the balloon’s buoyancy 

by increasing the temperature of the air inside 

it. Similarly, the amount of force pushing air 

through your house is proportional to the tem-

perature difference between the indoor air and 

the outdoor air. Because the stack effect is driven 

by temperature, it is a more important force in 

severe climates than it is in mild climates.

If you were piloting a hot-air balloon and 

wanted to descend, you would let some hot air 

escape by opening a flap at the top of the bal-

loon. When you open the flap, warm air escapes 

from the top and cooler air rushes in from the 

bottom to replace it. Similarly, when you heat 

your house in the winter, warm air leaks out 

of holes at the top and cold air leaks in at the 

bottom to replace it. Another way to picture this 

The largest energy use 
in most houses is heat-
ing and cooling (about 
55 percent). Therefore, 
improvements to the 
building enclosure and 
mechanical systems have 
the most potential to 
save energy. Next are hot 
water (15 percent), refrig-
eration of food (10 per-
cent), and lighting (7 per-
cent). It’s easy to notice 
when lights are left on or 
when someone stands in 
front of the refrigerator 
with the door open, but 
the things we don’t see 
have the biggest impact 
on our home energy use.

INDETAIL

These two infrared images show a house before 
and after a superinsulation retrofit. In the 
“before” image, the white areas represent the 
most heat loss, followed by red, orange, and 
yellow. After adding R-30 to the walls, replac-
ing the windows with triple low-e, and insulat-
ing and sealing the attic, there’s not much heat 
loss left. (The largest heat loss is one white area 
where the owner could only fit R-10 insulation 
on one section of the foundation). This suc-
cessful project reduced heating consumption 
by almost 70 percent, bringing the house very 
close to net-zero carbon emissions. 
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is to imagine holding a cup of air upside down 

in a pan of water. The air in the cup, like the 

warm air in your house, is lighter—more 

buoyant—than the water, which is heavy like the 

cool, outdoor air. If you poke a small hole near 

the top of the cup, the air will leak out slowly, 

and the water will come in from the bottom at 

the same rate to replace the air (see the drawing 

on p. 30 and the sidebar on the facing page).

Wind People think that wind causes most 

drafts, but in most houses the effect of wind 

is quite small. Although the pressure may be 

greater than the stack effect when the wind is 

blowing, it is a part-time occurrence; the stack 

effect operates 24 hours a day, 7 days a week, all 

year long. If your house is perched on a cliff or 

smack in the middle of a treeless plain, the wind 

may have a larger effect, but for most homes the 

stack effect dominates the air exchange.

One way to compare the seasonal impact of 

the stack effect versus the effect of wind is to ask 

yourself whether you would rather have me give 

you $10 a month or $1 a day. The $10 feels like 

more on the day I give it to you, but you’ll be 

about three times richer if I give you $1 every 

day. So it is with the stack effect: Although it is 

This photo of a building under 
construction displays the air 
pressure pushing the tarp out 
at the top and in at the bottom. 
This clearly shows the pres-
sures that move air through a 
building in winter.

Most combustion appli-
ances, such as furnaces, 
water heaters, and fire-
places, draw their com-
bustion air from inside 
the house. When they’re 
working properly, they 
act like exhaust fans, 
drawing indoor air for 
combustion and exhaust-
ing combustion gases up 
the chimney. Some appli-
ances, known as power 
vent or induced draft, 
have blowers that push 
the combustion gases 
out. It’s easy to see how 
these blowers (like the 
one shown below) act like 
simple exhaust fans.

INDETAIL

A central vacuum system, if it vents to the out-
side, can also act as an exhaust appliance in 
the home.

perhaps not as dramatic a driver of air flow as 

wind is, it adds up over time to be a far greater 

energy cost.

Mechanical systems In addition to the 

stack effect and wind, fans move air through 

houses. Exhaust fans, combustion appliances, 

and furnace air handlers move air in predictable 

and unpredictable ways. Exhaust fans push air 

out of a house, when they are working properly, 

and the air is replaced by outdoor air leaking in 

through openings in the building. Typical exhaust 

fans include kitchen and bathroom exhaust fans, 

dryers, and central vacuum systems (if they are 

vented to the outside). Combustion appliances, 

especially furnaces and boilers, contribute to 

air exchange when they are operating, which is 

when the weather is at its coldest.
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tion of the home, the size and location of leaks in 

the ductwork, and many other factors. In many 

homes, the air exchange caused by mechanical 

systems, though mostly unintentional, is the big-

gest factor in air movement. (See the chapters 

on sealing air leaks and ventilation systems for 

more information on controlling air movement 

in homes; see the chapters on heating systems and 

hot water for more on combustion equipment; 

see the chapters on heating systems and air-

conditioning for more on sealing duct leaks.)

Even more significant than exhaust fans are 

duct systems. Furnace and air-conditioner fans are 

not intended to move air in and out of a house; 

however, if the ducts are leaky or unbalanced—

and many are—your furnace fan may push a lot 

of air through your home. An air handler runs the 

most when the temperatures are extreme—cold 

or hot—so ducts leak the most right when it costs 

the most to heat or cool that air.

Whether the mechanical systems or the stack 

effect moves more air in a year varies from house 

to house, depending on the climate, the construc-

The Stack Effect in Summer
One misunderstood aspect of the stack effect is that it 
reverses in hot weather. If the outdoor air is hotter than the 
indoor air, the heavier air in the house tends to sink and 
leak out through the bottom; it is then replaced by warmer 
outdoor air that comes in through leaks at the top of the 
house.

To use the cup analogy, a house in the summer is like a 
cup full of water that is held upright. If you poke a hole in 

the bottom of the cup, the water (which is heavier) dribbles 
out the bottom and the cup fills from the top with air (which 
is lighter) at the same rate. People who leave upstairs win-
dows open on a hot day thinking that the hot air will escape 
because “heat rises” are mistaken—they are actually open-
ing a large hole through which hot outside air can be drawn 
into the house.

Although it’s true that the upper floor of a home tends to 
be much warmer on a summer 
afternoon, that is not because 
the heat is rising inside the 
house. It is because super-
heated air is being drawn from 
the attic and roof deck into the 
upper part of the house through 
hidden air leaks—and through 
open windows and skylights.

Heavier, cooler air 
leaks out the bottom (blue arrows).

Lighter, hot outdoor air is drawn
in at the top, heating the 
upstairs rooms (red arrows).

The Stack Effect Is Reversed in Hot Weather
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also the largest driver of air-conditioning 

loads (see the chapters on windows and air-

conditioning). In any season, radiation also has 

a large impact on comfort. A person’s comfort 

actually depends just as much on the average 

temperatures of the surrounding surfaces as it 

does on the air temperature in the room (see the 

drawing on the facing page).

The biggest role radiation plays in a home’s 

comfort is due to the surface temperatures of 

glass. In the winter, glass is usually the coldest 

surface in a house; in summer, it is the warmest. 

A room with lots of glass may be uncomfort-

able in both hot and cold weather. Uninsulated 

or poorly insulated walls, ceilings, and floors also 

create cold surface temperatures in the winter 

(or hot ones in the summer). Cold or hot sur-

faces add to the problem of conductive heat flow 

by making people feel uncomfortable. When 

people are uncomfortable, they turn up the heat 

(or turn down the air-conditioning) at the ther-

mostat. This increases the temperature difference 

and drives the heat flow even faster, which costs 

them even more to stay comfortable.

Defining the  
Thermal Boundary

The thermal boundary (sometimes called the ther-

mal envelope) refers to the parts of a building that 

separate indoor space that is served by a furnace 

or an air conditioner from the outdoors and 

from other spaces that are not heated or cooled. 

The spaces in your home that are heated or 

cooled are called the conditioned space, and 

the purpose of your furnace or air conditioner 

is to maintain those spaces at a comfortable  

temperature.

Heat moves through space

Radiation is heat transfer from one object to 

another through space. Like conduction and 

convection, radiation is driven by a temperature 

difference, but this time between the surfaces of 

objects rather than across a material. Whereas con-

duction moves heat through solid materials and 

convection depends on air movement, radiation 

happens only when there is a direct line of sight 

between two objects of differing temperatures.

Radiation plays a much smaller role than 

conduction or convection in the heat loss from 

a house in the winter. The type of window glass 

can influence radiative heat loss to some extent 

(see “Windows”). Radiation is, however, the 

primary factor in solar heat gain. Solar gain is a 

good thing in the winter (it adds some heat from 

the sun to your house for free), but it is often 

Furnace air handlers 
should move air around 
the house, not in and out. 
Normally, as air is heated 
or cooled, it is pushed 
into the house through 
supply ducts; house air 
is brought in through 
return ducts to begin the 
cycle again. However, 
leaky ductwork in attics, 
garages, or crawlspaces 
can push heated or 
cooled air directly out 
of the house. Pressure 
imbalances caused by 
inadequate return air can 
also push air out of some 
rooms and pull outdoor 
air into others. In many 
homes, duct leakage 
accounts for the majority 
of air moving in and out 
of the house when the fur-
nace blower is running.

whatcan
gowrong

Mechanical Systems 
Contribute to Air Movement

Chimney exhaust

Bathroom 
exhaust

Fireplace

DryerFurnace

Leaky ducts

Makeup air is drawn in from the outside through 
cracks and gaps (blue arrows). House air is drawn 
into combustion equipment and exhaust fans (black 
arrows). Exhaust appliances, combustion equipment, 
and leaky ductwork all push air out of the house 
(red arrows).
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tect the house from rain and snow and keep the 

building and its contents dry and comfortable. It 

must also resist forces that try to break it down, 

such as sun and wind.

In some parts of your house—such as exte-

rior walls—a single assembly performs all these 

functions. In other places, like your attic, the 

The thermal boundary is a key component 

of the building enclosure, the parts of a building 

that separate indoors from outdoors. The build-

ing enclosure typically includes the thermal- and 

moisture-control layers and structural support 

elements; finished surfaces provide weather pro-

tection and aesthetics. The enclosure has to pro-

A room with lots of 
glass is likely to be 
uncomfortable in hot 
or cold weather, espe-
cially if it has a south-
western exposure.

Glass is usually the 
coldest interior surface
in winter and the warm-
est in summer. Rooms 
with a lot of glass may 
be uncomfortable in any 
season.

protip

Mean Radiant Temperature
The mean radiant temperature in a room is the average 
temperature of all the surfaces in the room weighted
by the percentage of the room that each surface occupies.  

A.

68°F

64°F

70°F 70°F

59°F

B.

59°F

64°F

59°F

72°F

Mean Radiant Temperature

B. If the room has twice as much window area, the
radiant temperature drops to 63°F —too cold for comfort!
This happens even though the room temperature is still
at 70°F.  To keep this room comfortable, the thermostat 
will need to be set higher to compensate.

A. Even though the room temperature may be 70°F,
the person sitting in the middle experiences a mean
radiant temperature of 67°F.  The window, because it is
both large and cold, is the surface that has the most
effect on lowering the mean radiant temperature.  

(NOTE: The temperatures around the edges refer 
to the surface temperatures of the wall, ceiling, 
floor, and windows)

72°F

A. Even though the room temperature may be 70°F, the 
person sitting in the middle experiences a mean radiant 
temperature of 67°F.  The window, because it is both 
large and cold, is the surface that has the most effect on 
lowering the mean radiant temperature.

The mean radiant temperature in a room is the average 
temperature of all the surfaces in the room, weighted by 
the percentage of the room that each surface occupies.

(NOTE:  The temperatures around the edges refer to 
the surface temperatures of the wall, ceiling, floor, and 
windows.)

B. If the room has twice as much window area, the radi-
ant temperature drops to 63°F—too cold for comfort! 
This happens even though the room temperature is still 
70°F. To keep this room comfortable, the thermostat will 
need to be set higher to compensate.
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is unclear whether or not a space is part of the 

conditioned area. For example, a basement may 

be comfortably warm in the winter due to heat 

loss from the furnace and ducts, even though 

there is no insulation on the foundation wall. 

functions may be divided. For example, your 

roof is a key enclosure component that provides 

weather, structural, and protection layers. But in 

most houses, insulation is installed on the attic 

floor, and the attic provides a space between 

the roof and the thermal boundary. A garage is 

another example; the exterior walls and roof 

of the garage form a weather shell, but the wall 

between the garage and the home is the thermal 

boundary. Together, all these elements make up 

the enclosure.

The thermal boundary is rarely made of a 

single material, and some materials may play 

more than one role. Walls may consist of siding, 

building paper, sheathing, studs, thermal insula-

tion, and drywall or plaster. All of those materials 

contribute in some way to the thermal proper-

ties; some of them are also structural, and some 

resist weather.

For the greatest comfort and energy effi-

ciency, it is important that the thermal boundary 

of the home be clearly defined. Sometimes it 

The thermal boundary of a ceiling is typically 
made up of drywall or plaster, thermal insu-
lation, and ceiling joists or truss members. If 
the attic space is vented to the outside, tem-
peratures in the attic will be much closer to 
outdoor conditions, and the rafters, sheathing, 
and roofing materials play a minor role in the 
thermal boundary.

To maximize comfort 
and energy efficiency, 
it is important that the 
thermal boundary of the 
home is clearly defined.

protip

The Thermal Boundary

Crawl space

Attic space

Attic space

Heated
basement

Conditioned space

GarageMud-
room

Thermal envelope

Family room

TheThermal Envelope
The boundary between the
conditioned space and anything
that’s not conditioned is called the 
thermal envelope (or thermal
boundary). Like an envelope, it is 
supposed to surround its contents 
neatly and completely.The shape 
may be complex, and it usually 
does not include attics, garages,
or crawl spaces.

The boundary between the conditioned 
space and anything that’s not condi-
tioned is called the thermal boundary. 
The thermal boundary should be com-
plete and continuous, even though the 
shape may be complex. Attics, garages, 
and crawlspaces are usually outside the 
thermal boundary.
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One might think that the thermal bound-

ary is the foundation walls. What if that same 

basement opens into a crawlspace underneath 

the family room that was added on later? The 

crawlspace may have louvered vents (which 

were required by code before 2006), and it is 

definitely an unconditioned space. The best 

place for the thermal boundary is often at the 

foundation wall; in this case it should also sepa-

rate the full basement from the crawlspace. To 

effectively put the thermal boundary between 

the basement and the house, you must insulate 

and seal the heating ducts as well as the floor 

over the basement; then the entire basement and 

the crawlspace would be considered effectively 

unconditioned, and the basement would be 

pretty cold in the winter.

This attic area behind a kneewall has insu-
lation in the floor, wall, and rafters, so it’s 
unclear whether the area is inside the con-
ditioned space. In this example, the thermal 
boundary is ambiguous.

The thermal bound-
ary should always be 
continuous, and you 
should be able to draw 
an imaginary, uninter-
rupted line around your 
house that represents the 
thermal boundary. Every 
part of that line should 
represent some type of 
insulation—either that 
exists now or that you 
plan to install.

whatcan
gowrong

A

B

Attic

Attic

Ceiling joists

Discontinuous 
insulation 
at band joist

Floor joists

First floor

Basement
Tuck-under garage

Discontinuous air 
barrier where kneewall 
floor has no blocking

Second floor 

Discontinuous air barrier 
where wall cavity opens into attic

Floor joist cavity

The roof deck may be
 a better air barrier, but 
warm house air can easily 
reach this uninsulated surface.

Rafters

E

D

It’s common (though
not good) to have gaps
in the thermal boundary,
either where the air
barrier or the insulation
is discontinuous (A, B, C)
or where the air barrier
isn’t aligned with the
insulation (D, E).

Some Thermal Boundary Problem Areas

C

A. Where the ceiling 
height changes
B. At the band joist
C. At the kneewall
D. Warm air between the 
floor joists can easily move 
to the wrong side of the 
insulation in an unvented 
kneewall attic.  
E. Air from a tuck-under 
garage can get in through 
unblocked joist bays. 

Some Thermal Boundary Problem Areas

A. � Where the ceiling height 
changes

B.�  At the band joist

C.  At the kneewall

D. � Warm air between the 
floor joists can easily 
move to the wrong side 
of the insulation in an 
unvented kneewall attic.

E.  �Air from a tuck-under 
garage can get in through 
unblocked joist bays.
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Air barriers and insulation
When defining the thermal boundary it is 

important to align the air barrier with the 

insulation. For example, it does not make sense 

to insulate the flat ceiling of a house and then 

create an air barrier at the roof sheathing. This 

often happens by accident when people insulate 

the attic floor but don’t seal big air leaks: Warm 

air from the house circulates past the insulation, 

increasing heat loss through the roof, and often 

causing condensation on the roof. If you’re not 

sure, choosing a place where it is easy to make a 

good air barrier can help you decide where to 

put insulation.

Another example is a basement, where it can 

be very difficult to provide a continuous air bar-

rier between the basement and the first floor. 

Even if you wanted to insulate the floor over the 

basement and make it a cold space, if you have a 

solid concrete foundation wall, it may be much 

easier to air-seal the foundation walls and the 

sill area instead. This is one more reason why it 

often makes sense to put the thermal boundary 

at the foundation walls.

Insulation does not stop air
Although all parts of the thermal boundary 

should include some type of insulation mate-

rial, they must also incorporate some type of 

air barrier. Most insulation does not stop air. 

Let me repeat that: Insulation does not stop 

air. Although there are exceptions, the most 

common types of insulation materials—fiber-

glass and cellulose—do not stop air from moving 

when there is a pressure difference. Fiber-based 

materials such as fiberglass and cellulose do 

practically nothing to stop air movement under 

the forces of convection, except when installed 

at high densities using special techniques (see 

“Insulating a House”). People often think that if 

they put a lot of insulation in a house it will be 

airtight; this is simply not true.

When you define the thermal boundary of 

your home, it is critical to think about where 

the air barrier is located in relation to the insula-

tion. Think of insulation as a sweater: On a cold, 

windy day, it doesn’t keep you warm because 

the air moves right through it. A windbreaker 

has very little insulating value but, by stopping 

the air, it makes the sweater much more effec-

tive. Similarly, stopping air leaks makes insulation 

much more effective.

Many common  
insulation materials  
do not stop air movement. 
Fiberglass batts act like 
an air filter, stopping 
only the dust.

protip

Unlike fiberglass batts, 
rigid foam insulation 
can provide a good air 
barrier, if all of the 
seams are sealed 
carefully.
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One way to do that is to compare the moisture 

performance of new, energy-efficient homes to 

the performance of old, inefficient ones.

Energy and moisture: ­
Myth and reality
Older homes usually had little or no insulation 

and were quite leaky. These houses “breathed”: 

Heat, air, and water vapor could move easily 

through walls and roofs, and areas that got wet 

would dry easily. In fact, the heat and air flow are 

what dried the structure, and made these homes 

quite forgiving of moisture. Unfortunately, they 

were also uncomfortable energy hogs.

The way we construct buildings has changed 

dramatically since the 1950s. Exterior sheath-

ing materials such as plywood and oriented 

strand board (OSB) slow air movement and act 

as a condensing surface for water vapor in cold 

weather. These materials are also more sensitive 

than their solid-wood predecessors. When they 

get wet, they swell, delaminate, lose fasteners and 

shear strength, and provide a nutrient source 

for mold growth. Unfortunately, even a moder-

ate amount of insulation in a wall cavity lowers 

the sheathing temperature and slows drying. 

Although energy efficiency by itself does not 

cause moisture problems, air-sealing and insula-

tion does change the moisture dynamics in a 

Energy, Moisture, and 
Building Durability
One key issue in the field of building science is 

the relationship between moisture and energy; 

another is the effect of moisture on building 

durability and indoor air quality. We’ve all heard 

horror stories about brand-new buildings that 

are rotting because moisture gets trapped inside 

them, or houses that are “built too tight” so that 

the air inside becomes dangerously polluted 

with combustion gas. These stories make good 

headlines and have some basis in fact, but they 

typically oversimplify situations and perpetu-

ate myths about the relationships among energy, 

moisture, air quality, and building durability.

So, let’s clear up some of the misconceptions 

about energy efficiency and moisture damage. 

Older homes “breathed” 
because they were so 
full of leaks and lacked 
insulation. Although 
moisture didn’t get 
trapped by the walls, 
neither did much heat, 
making these homes 
energy hogs.

Fiberglass does not 
stop air under pressure, 
but it does stop dust.  
This photo shows a piece 
of fiberglass that has 
been sitting on top of a 
plumbing chase where 
warm air constantly 
escaped into the attic 
during the winter. The 
black color isn’t mold but 
particles from the air that 
were trapped by the insu-
lation as the air passed 
through it.

trade
secret
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building and may make it less forgiving of mois-

ture that is already being generated inside or 

leaking from outside the house.

One approach to dealing with these issues is a 

head-in-the-sand stance: Let’s not make this house 

“too efficient” in the hope that it will “breathe” and 

stay healthy. A much better approach is to control 

moisture deliberately, to reduce risk and avoid 

problems.

Now that buildings are constructed with con-
tinuous sheathing materials and insulation, 
moisture that makes its way into a wall cavity 
takes much longer to dry, potentially causing 
structural and health problems.

Some of the biggest 
air leaks are at the top of 
the house, but people are 
often unaware because 
there is no cold air leak-
ing in. Those leaks actu-
ally draw warm air to 
that part of the house on 
its way out, so they are 
not noticed. They also 
cause more cold air to be 
drawn in from the bottom, 
increasing discomfort on 
the lower levels.

INDETAIL

Damp basements have more effect on a house 
than just damaging the walls; they can also 
be a major source of moisture that causes 
damage in the rest of the building. “Moisture-
resistant” greenboard didn’t help much here.

Water in the basement is not only annoying; 
it can also add a lot of moisture to the air in 
a house.
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Most states have adopted 
some version of the 
International Energy 
Conservation Code® 
(IECC). Focused on new 
residential construction, 
this code also applies to 
additions, and in recent 
years it has become con-
siderably more stringent. 
Although the energy-
efficiency requirements 
of state or local codes 
may be more lenient for 
remodeling, check before 
starting an energy project 
to see whether there are 
any minimum require-
ments and whether you 
need a building permit 
for the work.

according
to code
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R-value (this approach is covered in “Insulating 

a House”). Third, control unwanted air flows 

that carry moisture: Seal building enclosure air 

leaks (see “Sealing Air Leaks”), move ducts and 

air handlers inside conditioned space (or move 

the thermal boundary to include them; see 

“Insulating a House”), and tightly seal and insu-

late any ducts that must be outside conditioned 

space (see “Heating Systems”).

Finally, control moisture sources and indoor 

pollutants with mechanical ventilation (see 

“Ventilation Systems”). Unless you are doing 

a gut renovation, it is not likely that you will 

tackle all these issues at the same time. But 

understanding these strategies and knowing the 

trouble spots in your house will help you priori-

tize these projects and approach them in a way 

that suits your unique situation.

The importance ­
of managing water
There are four primary strategies to reduce the 

risk of moisture damage. First, reduce water 

entry from the sky and ground: Control rain-

water entry with overhangs and proper flashing 

techniques, and get it away from the foundation 

by grading and drainage. Promote drainage and 

drying in wall cavities with vented rain-screen 

siding. Separate leaking ground water from the 

building interior with drained foundation mem-

branes and cavities. All these techniques are dis-

cussed in “Renovations.”

Second, control the temperatures of con-

densing surfaces wherever you can by using 

spray-applied foam insulation in building cavi-

ties and on foundations, or by using continuous 

rigid exterior insulation for at least part of the 

These photos show the difference between water resulting from a roof leak (right) and water 
caused by interior water vapor that condenses on the roof sheathing in cold weather (above). 
Moisture from indoors often has a more damaging impact over time, partly because it’s less 
likely to be detected until it’s too late.
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Typical Family of Four

� Dish washing

� Cooking

� Showers and bathing

� Perspiration and respiration

How Much 
Water Vapor?

Family of four 
(see the key 
at left)

Indoor clothes 
dryer (or 
unvented dryer), 
per load

Crawlspace, 
500 sq. ft., 
earth floor

Unvented heater, 
25,000 btu/hour, 
8 hour/day

0

1

2

3

4

5Gallons
per day

Another source of water vapor is the people 

and activities in the house. People generate 

water vapor through perspiration and respiration. 

Everyday activities, such as showering, bathing, 

and cooking, also add vapor to the air. If you 

have a gas stove, the combustion process adds 

water vapor to the air as well.

In hot, humid weather, water vapor also 

comes from outdoors when air seeps into 

the house through leaks in the enclosure or 

is sucked in by return-air duct leaks in attics, 

crawlspaces, or garages.

Water vapor in itself may not be a problem, 

but it can wreak havoc when it condenses. 

Condensation can occur on any surface that is 

colder than the dew point temperature of the 

air. Common condensing surfaces in the winter 

include exterior wall and roof sheathing, when 

indoor air is allowed to reach them, and inside 

surfaces of inefficient windows and poorly 

insulated walls or ceilings. In hot weather, cold 

surfaces are likely to include ducts with missing 

or inadequate insulation or vapor jacket, interior 

Where does unwanted water 
come from?
Unless you live in the desert, one of the larg-

est sources of water is from outside the house: 

rain, snow, and groundwater. Rain can enter 

through roofing, siding, or flashing defects and 

soak into roof, ceiling, and exterior wall materi-

als. Although roof leaks are usually pretty obvi-

ous (if not always easy to fix), water that enters 

sidewalls may go undetected for years (see 

“Renovations”). Water that enters foundations 

and crawlspaces may also be obvious, if you 

look; I’ve even seen water in crawlspaces in dry 

climates, as a result of irrigation near the house. 

Groundwater can also enter a house through 

evaporation, and it can be difficult to detect in 

its vapor form.

Concrete foundation walls and slabs are 

capable of wicking up moisture from the ground 

and “pumping” it into a house. Even though 

the floor and wall surfaces may appear dry, they 

can actually be the source of moderate-to-large 

moisture loads in a building.

Even a basement that 
appears dry can be a  
significant source of 
moisture. To find out 
whether this is true, tape 
a piece of 2-ft.-sq. to  
3-ft.-sq. clear polyeth-
ylene to your basement 
walls and/or floor. Stretch 
it as tightly as you can. 
Leave it for a few days; 
if water droplets form on 
the side you can touch, 
then the moisture is com-
ing from humid inside air 
condensing on the cool 
concrete. If water collects 
under the poly, then mois-
ture is migrating through 
the concrete.

trade
secret

How much water vapor?
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While you are insulating and sealing your 

home, you will probably be crawling through 

the attic, basement, and/or crawlspace, which 

will give you the opportunity to identify exist-

ing moisture problems in the house. In all cases, 

be sure to identify the source of any water or 

vapor and plan to correct it as part of your 

weatherization project.

Reducing water vapor
The first step in managing water vapor in your 

house is to eliminate large sources that can be 

reduced or removed, such as unvented combus-

tion appliances, green firewood, humidifiers, 

or ground water evaporating from your base-

ment or crawlspace. Exhaust fans in kitchens 

and bathrooms are important in all climates to 

get moisture out of the house right at the point 

of generation. Controlled, continuous fresh-air 

ventilation provides effective dehumidification 

in cold weather; in hot, humid weather, continu-

ous ventilation should be kept to a minimum to 

reduce the humidity load from outdoors.

The next step is to control vapor movement. 

Traditionally, water-vapor control has focused on 

diffusion. Water vapor is made up of individual 

molecules suspended in the air, and they actually 

move through solid materials; this movement is 

called diffusion.

walls or ceilings chilled by hidden air ducts leak-

ing cold supply air, and surfaces of foundation 

walls or floors that are cooled by ground contact.

 Another common situation in warm, humid 

climates occurs when floor sheathing and fram-

ing are cooled by indoor air conditioning, and 

humid outdoor air in the crawlspace condenses 

on the underside of the floor. Finally, damag-

ing condensation has been documented on 

the sheathing of flat roofs when white roofing 

membranes are used to reduce cooling loads. 

This occurs primarily in desert climates with 

large diurnal temperature swings, where night 

sky radiation dramatically cools the roof surface.

A little condensation may not hurt anything, 

but prolonged condensing can cause serious 

mold and structural damage, especially if it’s out 

of sight. There are three basic ways to reduce 

condensation: Reduce the humidity, keep humid 

air away from cold surfaces, and insulate cold 

surfaces to warm them up. The following discus-

sion outlines the strategies, and the approaches 

outlined in subsequent chapters reinforce these 

concepts.

The kraft-paper facing found on 
some fiberglass insulation is an 
effective, yet forgiving, vapor 
barrier (Class II) and should be 
installed facing the inside of a house 
in mixed and cold climates. In hot, 
humid climates the vapor barrier 
may be omitted.

When you change 
any part of your 
house, it affects 
the entire system. 
Moisture, indoor 
pollution, combus-
tion safety, radon, 
and fire safety can 
all be improved by 
applying the tech-
niques in this book. 
Careless, incom-
plete, or misguided 
treatments can also 
aggravate struc-
tural, moisture, or 
health problems. If 
you think the situa-
tions shown in this 
book don’t apply to 
your house, or if you 
aren’t sure what 
to do, enlist the 
help of a building-
performance pro-
fessional to assess 
your house and rec-
ommend the best 
approach for you.

S A F E T Y 
F I R S T
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In cold weather, vapor moves from indoors 

(warm and humid) to outdoors (cold and dry). In 

hot, humid weather, vapor moves from the out-

side in, especially with the use of air-conditioning.

The most common method for reducing 

vapor transmission is to use vapor retarders, 

materials that slow the rate of vapor diffusion to 

very low levels, generally low enough to prevent 

condensation. In cold climates, vapor retard-

ers are traditionally installed on the inside of 

the insulated surfaces to keep water vapor from 

entering the cavity and reaching the cold exte-

rior surfaces of the building.

There are two reasons this strategy is inad-

equate for most houses today. First, the increasing 

use of air-conditioning reverses the driving force 

in hot, humid weather; the interior vapor retarder 

is now on the cold side. Interior polyethylene, 

vinyl wallpaper, or oil-based paint can all become 

condensing surfaces and soak the wall in hot 

weather. The second reason is air leakage.

Many small air leaks allow air to escape into the 
attic, where it can condense and cause frost, mildew,  
or structural damage to rafters and sheathing.

Roof rafters

Attic

 Insulation does not 
stop air leakage.

Openings around 
electric fixtures

Plumbing penetrations 
and other openings

Insulated 
ceiling 
joists

Double-wall 
plumbing chase

Air leaks around 
a bathroom fan

If a fan isn’t vented 
to the outside, even 
more moisture will 
end up in the attic 
whenever it runs.

Condensation

Air Leaks Are the Main Cause of Attic Moisture

 

AIR LEAKS CAUSE ATTIC MOISTURE IN COLD WEATHER

Many small air leaks allow air to escape into the attic, 
where it can condense during cold weather and cause frost, 
mildew, or structural damage to rafters and sheathing.

To manage water 
vapor, eliminate large 
sources that can be 
removed, ventilate the 
rest, eliminate the move-
ment of water vapor into 
cold spaces, and insulate 
cold surfaces that vapor 
can reach.

PROTIP

Sources of water vapor 
inside buildings are 
called moisture loads. 
These can include 
exposed dirt floors in 
crawlspaces or base-
ments, indoor pools or 
spas without proper 
ventilation or dehumidi-
fication, foundation drain 
access pipes and sump 
pits, unvented or improp-
erly vented combustion 
appliances, firewood dry-
ing indoors, fish tanks, 
attached greenhouses, 
and even plumbing leaks.

INDETAIL
Indoor 
Air Quality

Building scientists have found that 
there are several important steps to 
ensure good indoor air quality, and 
they are generally consistent with 
energy conservation. These basic 
steps are as follows:

1. Create an effective boundary 
between indoor and outdoor air.

2. Minimize or eliminate pollutant 
sources within the house (see the 
sidebar on p. 24).

3. Maintain indoor humidity within a 
healthy range.

4. Provide adequate fresh air ventila-
tion for people in the home.

This approach cuts heating and 
cooling energy losses, reduces 
uncomfortable drafts, permits better 
moisture control, and maintains an 
indoor environment that is healthier 
and more energy efficient.
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are permeable to water vapor. Venting of attic 

spaces and siding also helps, provided the vented 

spaces are separated from the thermal boundary 

by a good air barrier. To understand the dynam-

ics of air quality, let’s first look at air barriers.

What is an air barrier?
Although it may seem obvious, an air barrier 

stops air. We’ve already seen that most types of 

insulation don’t stop air movement. Another 

myth that has taken root over the years is the 

idea that housewrap makes a house airtight. 

Most housewraps are good air barriers, but 

the biggest air leaks occur in places where 

housewrap is not installed, where it is installed 

improperly, or where it is not detailed well. The 

chapter on sealing air leaks explains ways to 

create good air barriers in existing homes, and 

there is more discussion of housewrap in the 

chapter on renovations. With this information, 

you should be well equipped to effectively con-

trol air leakage in your house.

Can a house be “too tight”?
Let’s go back to the axiom “a house has to 

breathe.” We certainly need fresh air in our 

homes, but where does that fresh air come from? 

In most homes, the fresh air supply enters through 

random air leaks in the enclosure—which may 

Water vapor moves on air
Although the focus on controlling water vapor 

has traditionally been vapor retarders, a much 

more important effect is air leakage. This cannot 

be overemphasized. Although vapor retarders are 

important, they do no good if warm, humid air 

can leak into the attic or an exterior wall in the 

winter (see the drawing on the facing page), or 

reach a cold air-conditioning duct or floor deck 

in the summer. Building scientists have found 

that even relatively small air leaks actually move 

far more water into cold building assemblies than 

vapor diffusion does. This air movement is caused 

by the same driving forces we have already dis-

cussed, with the stack effect, duct leakage, and 

other mechanical systems typically being the 

largest factors. In fact, the lack of a vapor retarder 

in an insulated wall or a ceiling is secondary—in 

all but the most extreme climates—if air leakage 

into those areas can be controlled. This should 

come as a relief to anyone who wants to insulate 

an old house: It’s a lot easier to seal air leaks than 

to add a vapor retarder.

Air Barriers and 
Indoor Air Quality

Perhaps the most widely misunderstood aspect 

of the whole-house approach is the relationship 

between air-leakage control and healthy indoor 

air. Conventional wisdom says “a house has 

to breathe,” but what exactly does that mean? 

People and animals need to breathe. Houses are 

complex systems, but they are not living organ-

isms, so I prefer not to use the term “breathing” 

for a house. There is some underlying wisdom 

behind that statement, however. It is vitally 

important to allow assemblies the opportunity to 

dry; this is aided by using building materials that 

The force that pushes 
water vapor through solid 
objects is called vapor 
pressure. Water mol-
ecules move from high 
concentrations (humid-
ity) to low concentrations 
(dryness). Vapor also 
moves from warm areas 
to cold ones. One exam-
ple of vapor diffusion is 
a loaf of bread in a paper 
bag. Although the bag is 
tightly wrapped, water 
molecules will escape 
right through the bag 
(from a higher concentra-
tion to a lower one) and 
it will dry out. A plastic 
bag will keep the bread 
fresh longer, because it is 
a vapor barrier.

INDETAIL

Treat Air Like Water
We work hard to keep water out of our homes. Foundations, siding, win-
dows, doors, roofing, and flashing represent a substantial investment 
in keeping out water. Then we purposefully bring water into the house 
through plumbing supply and drainage systems, which are another large 
price tag in our homes. Clean water is essential to our health, so we con-
trol it carefully. Fresh air is also essential, but in most residential build-
ings, we pay no attention to controlling it. If we treated air as we do water, 
by keeping out unwanted air and intentionally introducing fresh air, we 
would provide much healthier indoor environments for our families.

A I R  B A R R I E R S  A N D  I N D O O R  A I R  Q U A L I T Y
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Remember that the forces that move air 

through a house—the stack effect, wind, 

and mechanical systems (especially combus-

tion equipment and duct leakage)—move the 

most air when outdoor weather conditions are 

extreme. This is also the time when it costs the 

most to heat or cool that air. On the other hand, 

even a leaky house tends to be underventilated 

in mild weather, when those forces are minimal 

and windows and doors are closed. Ideally, a 

house should be tight enough to avoid over-

ventilating when outdoor conditions are the 

most extreme; then the difference can be made 

up with mechanical ventilation.

include gaps and holes in dirty, damp, moldy, 

pesticide-treated basements, crawlspaces, or attics. 

Most people, if given a choice, would prefer to 

have an intentional provision for fresh air in the 

form of a mechanical ventilation system.

Creating a tight thermal boundary that 

minimizes air leakage has many benefits beyond 

energy savings: It increases comfort, reduces 

the chance of moisture damage in the building 

structure, discourages mold growth in wall and 

ceiling cavities, and reduces the risk of ice dams 

in snow country. Most important, it allows the 

operation of mechanical ventilation systems to 

control the indoor environment for better health 

as weather conditions vary.

Attic and Crawlspace Venting
Most building codes have minimum require-
ments for attic, cathedral-ceiling, and crawl-
space venting. It is important to remember 
that this passive venting is different from 
fresh-air ventilation. Venting is designed to 
carry excess moisture out of those spaces 
so it does not damage the building struc-
ture. These venting strategies actually have 
nothing to do with indoor air, but they are 
often called “ventilation,” which leads to 
confusion. Remember that there is (usually) 
an intentional thermal boundary between 
the conditioned spaces and the attic or 
crawlspace. Ideally, there should be no air 
exchange at all between those spaces and 
indoors; when air flows through the thermal 
boundary materials, there is much more 
potential for condensation and damage.

Basically, attic, roof, and crawlspace 
venting attempts to carry away moisture 
that should not be there in the first place. 
Good air sealing at the thermal bound-
ary and proper water management of 
basements and crawlspaces (with good 
drainage; see “Insulating a House” and 
“Renovations”) are more important to a 
building’s health.

Passive roof vents are designed to 
transport moisture out of attics.

Crawlspace vents do little to reduce 
moisture in the living space, and they 
can introduce warm humid air into 
the crawlspace in the summer.

One example of mis-
guided building science 
is the application of a 
vapor retarder on the 
inside of houses in a hot, 
humid climate. Although 
building codes have 
been updated to discour-
age this practice, it is 
not unusual to see vinyl 
wallpaper—an excel-
lent vapor retarder—in 
hot, humid areas. If the 
exterior sheathing is 
vapor permeable, this 
can lead to big problems 
as outdoor moisture con-
denses on the back of the 
vinyl. In general, interior 
vapor retarders should 
be avoided in these 
climates, especially in 
Florida and the southern 
half of other Gulf Coast 
states, including south-
eastern Texas (zones 1A 
and 2A, as shown in the 
map on p. 74).

WHATCAN
GOWRONG
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attic, or crawlspace, but people often assume that 

the purpose of those attic and crawlspace vents 

is to ventilate the entire building (i.e., “Let the 

house breathe”). See “Ventilation Systems” for a 

discussion of installing basic mechanical ventila-

tion systems.

Indoor air quality
Controlling the indoor environment through 

tight building and a mechanical ventilation 

system offers health benefits as well. The best 

way to control indoor relative humidity is to 

control air exchange with a combination of an 

air-tight thermal boundary, air-tight ductwork, 

Mechanical ventilation

Mechanical ventilation, as opposed to random 

air leaks, ensures the right amount of air 

exchange year round, under all conditions. When 

I talk about mechanical ventilation in this book, 

I am referring to ventilation of indoor spaces to 

provide fresh air and remove unwanted moisture. 

A mechanical ventilation system always consists 

of one or more fans, usually with ductwork, 

which bring fresh outdoor air into the living 

space, exhaust indoor air to the outside, or do a 

combination of both. It can also include filtra-

tion of incoming air. This is very different from 

passive (or fan-induced) venting of the roof, 

Controlling Humidity
In winter, excessive dryness can be controlled by a tight 
building enclosure. People often think their heating system 
is what dries out the air in winter, but actually it is the dry out-
door air constantly seeping in and needing to be heated that 
lowers the humidity indoors. Many people use humidifiers, 
but these devices need a lot of maintenance, and some types 
may create health problems of their own. Excess humidity in 
winter is best handled by mechanical ventilation, particularly 
by fans that exhaust moisture at its source: in bathrooms and 
kitchens.

In the summer, air leakage tends to add humidity to the 
indoor environment. The best way to control this is with 
a tight building enclosure and air-conditioning or other 
mechanical dehumidification. Air-conditioning dehumidi-
fies better when it is sized properly (see the chapter on air-
conditioning), and it will work better if the enclosure is tight, 
because excessive air leakage in humid weather brings 
moisture into the house. Of course, spot ventilation in bath-
rooms and kitchens is also important in the summer. (For 
more on humidity, see p. 18.)

It is important that bathroom fans work properly and 
exhaust air to the outside, not just into the attic.

Kitchens are another source of moisture; range hoods 
should always be vented directly to the outside.
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To maintain good 
indoor air quality, a 
ventilation system should 
be able to move 15 cu. ft. 
per minute (CFM) of fresh 
air for every two people, 
plus 1 CFM for every
100 sq. ft. of living area.

PROTIP

and controlled mechanical ventilation. Contain 

the air, then you can control it.

There are, of course, many sources of indoor 

air pollution besides moisture and its related 

effects. Volatile organic compounds (VOCs) can 

be found in paints, stains, cleaners, solvents, wood 

preservatives, and carpeting. Formaldehydes are 

found in manufactured wood products, such as 

interior-grade plywood, medium-density fiber-

board (MDF), carpets, and furniture. Fuel, auto-

motive products, and hobby supplies stored in 

the home or garage can also be toxic, as well as 

many common household chemicals: cleaning 

products, aerosol sprays, moth repellents, pes-

ticides, and herbicides, for example. Pesticides, 

herbicides, and radon gas can be drawn into 

the house from underground (yes, air can move 

underground, too). Running automobiles and 

improperly vented (or unvented) combustion 

appliances can send deadly carbon monoxide 

(CO) into the home. How can you deal with 

these pollutants? Isn’t it bad to tighten a house 

with these substances present?

Whether you have a tight or a leaky house, 
any natural-draft combustion appliance may 
produce deadly carbon monoxide. The only 
way to know is to have a professional test the 
flue gases.

Unlike water vapor, 
air can’t leak through 
solid materials. Air leaks 
through cracks where 
different parts and mate-
rials of the building are 
connected together. Gaps 
between window and 
door frames and rough 
framing, places where 
exterior walls make a jog 
or are interrupted by a 
cantilever, and connec-
tions between dormer 
walls and roofs are areas 
often missed by house-
wrap. And the biggest 
leaks (as you’ll see in 
the chapter on sealing 
air leaks) are often hid-
den in attics, basements, 
and crawlspaces, where 
housewrap is never 
installed.

INDETAIL

Minimizing 
Pollutants 
in the Home
• Source reduction is the most impor-
tant way to deal with toxins; keep 
them out of the house whenever pos-
sible. Learn which household products 
are the most toxic, get rid of any you 
don’t use, and substitute less toxic 
products whenever you can. If your 
house was built before 1978, beware 
of lead paint; follow EPA guidelines 
for testing, remediation, and lead-safe 
remodeling practices, even during 
weatherization projects.

• Separate toxic materials from 
everyday living spaces. Don’t just put 
dangerous chemicals in a childproof 
cupboard; keep them in a metal cabi-
net in the garage, or in a locked, out-
door storage shed.

• Dilution of toxins is helpful, too. 
Installing a mechanical ventilation 
system helps bring in fresh air regard-
less of the weather conditions; such a 
system helps reduce concentrations 
of harmful substances.

• Combustion appliances must be 
vented properly. Don’t use unvented 
heaters of any kind, including “vent-
free” fireplaces.

• Moisture control reduces mold 
growth by keeping indoor surfaces 
warm and maintaining relative humidity.

• Radon testing can detect this invis-
ible, cancer-causing underground soil 
gas, which can occur anywhere. The 
only way to tell whether you have dan-
gerous levels in your house is to test 
for it. Use an EPA-certified laboratory 
and follow the directions carefully for 
an accurate test.
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interesting, because most of us make hundreds 

of other purchase choices—from buying a car 

or paying for a vacation, to everyday purchases 

like food or entertainment—without ever asking 

that question. One of the obvious reasons to 

conserve energy is to save money, so it is under-

standable that homeowners think about how 

much they will save and how long it will take 

to reclaim that investment. But we do make 

value decisions about purchases every day, and 

there are many important factors that people 

often miss: Nonenergy benefits of whole-house 

efficiency, alternate ways of looking at payback, 

the escalation rate of energy costs, and plan-

ning ahead for opportunities that may reduce 

improvement cost all can help tip the balance 

favorably toward moving forward.

Value beyond energy saved
A cost-benefit analysis can be a useful tool, but 

payback should not be the only criterion for 

decision making. As I’ve pointed out in this 

chapter, there are many nonenergy benefits 

The answer is, “It depends.” Of course, if you 

tighten a house that already has a significant 

source of toxic fumes, the concentration of pol-

lutants will likely increase. Source reduction is 

always the first priority, and separating unavoid-

able toxins from the living space is critical. At the 

same time, unintended airflow can also contribute 

to indoor pollution. For example, sealing air leaks 

between a house and garage, and sealing leaky 

ducts in the garage can cut paths for auto exhaust 

to migrate indoors. Meanwhile, a mechanical 

ventilation system that introduces fresh air helps 

dilute any toxins that remain. There’s a slogan in 

the building-science industry that sums up these 

ideas: “Build tight, and ventilate right!”

Weighing Costs 
and Benefits

Typically, one of the first things people ask when 

they are thinking about energy improvements 

to a house is, “What is the payback?” I find this 

Although outdoor air 
pollution is significant in 
some parts of the country, 
research done by the U.S. 
Environmental Protection 
Agency indicates that 
indoor air is typically
2 to 5 times more pol-
luted than outdoor air. 
In some cases, research 
shows that indoor air can 
be as much as 100 times 
more polluted than out-
door air. Bringing in less 
polluted outdoor air in 
a controlled way is one 
important way to improve 
indoor air quality.

INDETAIL

Calculating payback 
from the cost and 
energy savings is 
easy; however, 
predicting energy 
savings is more 
complex.

Financing Energy Improvements
Instead of focusing on payback, cash flow can be a 
more useful way to look at financing energy improve-
ments. Shown here are the estimated savings from 
air-sealing and insulating a house financed with a 
home-equity loan. The annual cost of financing the 
work is less than the annual energy savings, so the 
annual cost for energy plus loan payments is less 
than the pre-improvement cost of energy alone. The 
monthly payment on the loan eats up most of the 
energy savings, leaving about $60 per month in posi-
tive cash flow to the owner for the term of the loan. 
Meanwhile, the house is more comfortable, has less 
environmental impact, and is better protected against 
rising energy costs.

0

1,000

2,000

$3,000

As Is Improved

$2,497 $2,440

� Energy

� Loan payment
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there is no direct payback whatsoever. Energy 

consumption in housing is one of your family’s 

biggest environmental impacts (transportation 

and food consumption are the largest), so reduc-

ing your energy budget by a significant chunk 

will also help the planet and reduce our depen-

dence on nonrenewable fuels.

Cost-benefit calculations 
(So, what is the payback?)
The basics of cost-benefit analysis are pretty easy. 

If you invest $100 and it saves you $10 per year, 

the payback is 10 years. There are other meth-

ods for calculating cost-effectiveness that take 

into account the interest you could earn on that 

same money if you invested it as well as energy 

price increases. Typically referred to as a Savings 

to Investment Ratio (SIR) or net present value 

(NPV), this analysis is more guesswork than 

that may be realized simply by treating the 

house as a system, which means doing a thor-

ough, thoughtful analysis. These benefits include 

improved health and reduced building main-

tenance, both of which are likely to have eco-

nomic benefits for your family. 

Other factors may affect your decision to 

invest in energy improvements. The most obvi-

ous benefit is comfort. Actually, I think that 

more comfortable people are likely to be hap-

pier and healthier, characteristics that probably 

create some economic benefits as well. Aesthetics 

and convenience are also important factors, for 

example, in the choice of whether to replace 

windows.

Environmental issues may also be a motivat-

ing factor. More and more people are willing 

to pay a premium for “green,” low-carbon, and 

environmentally beneficial products, even if 

Don’t rely on 
accidental ventilation 
to dilute pollution 
sources in your home. 
Build tight, and 
ventilate right.

PROTIP

Get Help with an Energy Rating 
or Home Performance Audit
Most areas have access to certified pro-
fessionals who can provide technical 
assistance and financial analysis for home 
energy improvements. These profession-
als typically have insight into available 
incentives, rebates, preferred financing, 
and/or tax credits that are available; in 
some cases, the assessment itself may be 
partially covered by a local utility company 
or state agency. You can find information 
on certified Building Performance pro-
fessionals and accredited Home Energy 
Raters at www.bpi.org and www.resnet.us.

An energy assessment can provide the 
following benefits:

• A professional assessment of your 
energy situation and recommendations for 
cost-effective upgrades.

• Special equipment and diagnostic tools 
to test your house for air leakage, duct 
leakage, and other energy problems.

• Referrals to contractors. Some states 
and financing programs prevent home-
performance professionals from recom-
mending themselves as contractors to 
work on your house, and others encour-
age it. Both BPI and RESNET certification 
programs provide quality assurance over-
sight and conflict-of-interest provisions so 
you can have confidence in their recom-
mendations.

• Access to financial help that may be 
available.

An energy rating or home performance 
assessment may cost between $250
and $800.

This report shows an 
estimate of the energy 
consumption and poten-
tial savings for a house.
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stantially. Insulating exterior walls with extra 

layers of rigid-foam insulation is rarely cost-

effective unless you are already re-siding your 

home anyway. When heating or cooling equip-

ment breaks, the added cost to replace it with 

high-efficiency equipment is much less than it 

would be otherwise, because you are already 

paying someone to take away the old machine 

and put in a new one. Remodeling provides an 

unparalleled opportunity for including energy 

upgrades. Check out the chapter on renovations, 

and try to take advantage of these opportuni-

ties when planning your energy retrofit projects. 

Aim high and do it right: Once you make an 

improvement in one area of the home, chances 

are nobody else will touch it for at least a couple 

of decades.

most people may think. Energy prices gener-

ally rise faster than inflation, and many experts 

believe that fuel prices will increase even faster 

over time. Cutting your energy bills—while pre-

serving comfort and utility—is a way to “future-

proof” your house.

For the average do-it-yourselfer, it’s not practi-

cal to account for all these variables. Generally, 

the approach I advocate is to prioritize, given 

the information in this book and the specifics 

of your house, and to try to balance energy sav-

ings with a whole-house approach. For example, 

don’t ignore fresh-air ventilation just because it 

doesn’t result in energy savings. Also, contact your 

local utility companies. Electric and gas utilities 

often provide energy audits, and some even con-

tribute money toward energy improvements for 

their customers. Many community action 

agencies and other aid organizations run 

weatherization-assistance programs for income-

qualified homeowners. Find out what is offered, 

and take advantage of any available help when 

planning your home weatherization project.

Opportunity savings
One other element to consider when thinking 

about payback is what I call opportunity savings. 

This is sort of the opposite of what economists 

call opportunity cost, which refers to the negative 

impact of benefits consumers forego (for exam-

ple, interest earnings on investments) when they 

decide to spend money. Opportunity savings is 

the reduction in cost of energy upgrades when 

you plan those upgrades to coincide with other 

necessary building maintenance, renovations, or 

equipment replacement.

For example, adding a significant amount 

of insulation to an insulated cathedral ceiling 

may be expensive, but if the roof shingles need 

replacing anyway, that cost may be reduced sub-

If you are already replacing a boiler or fur-
nace, the added cost to upgrade to a high-
efficiency unit is relatively small; don’t miss 
the opportunity.

Remember that an 
energy audit or assess-
ment doesn’t save you 
any energy—you only 
save if you act on their 
recommendations.

protip

There are a number of 
negative health effects 
associated with very 
dry or very humid condi-
tions. Dust mites and 
mold growth—common 
respiratory irritants and 
asthma triggers—thrive 
in high-humidity condi-
tions. To minimize the 
negative health effects of 
very high or low humidity 
levels, building scientists 
recommend maintaining 
residences at a relative 
humidity of between 
30 percent and 50 percent.

INDETAIL
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Weatherstripping 
Doors and Hatches
p. 48

Sidewall  
Air-Sealing
p. 47

Basement/ 
Crawlspace  
Air-Sealing
p. 41

Attic Air-Sealing
p. 32

Air-Sealing  
Priorities
p. 30

Sealing ­
Air Leaks

Almost every house has a large number of 

hidden air leaks that rob it of heating and cooling 

energy. Although sealing these leaks is not the 

easiest job, it is one of the most cost-effective things you can do 

to increase your home’s energy efficiency. You’ll want to do this 

before adding any insulation, as fixing the leaks is much more 

difficult once extra insulation is installed. In addition to saving 

energy and making your home more comfortable, sealing air 

leaks also reduces ice dams and freezing pipes, and helps 

control moisture movement that can contribute to mold and 

structural damage.

People often think that windows and doors are the source of 

most air leakage in a house, but the largest leaks are almost 

always hidden in attics, basements, crawlspaces, and other 

unexpected places. This chapter will show you where to look for 

common air leaks and how to seal them properly.444

5

4
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1
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Air-Sealing Priorities
With air-sealing, as with any job, it’s useful to 

know what your priorities are. My strategy is to 

identify the most important leaks first; sealing 

them makes the biggest difference in comfort 

and energy. The priorities are big leaks, and leaks 

at higher pressures.

Air movement and leakage areas are not 

always intuitively clear, but remember that air 

does not move through most solid objects (con-

crete block and masonry in general are notable 

exceptions). Air leaks mostly  through connec-

tions and spaces between building materials.

First find the big leaks
Although it may sound obvious, the most 

important holes to seal are the largest ones. Not 

every house has every type of hole, but as you 

read through this chapter, you may recognize 

some of these big leaks—called bypasses—where 

indoor and outdoor air mix. I’ve seen many 

bypasses that are big enough to crawl through.

Sealing just one of these large bypasses may 

make a greater difference than replacing every 

leaky, rattling window in your house. Many 

bypasses are smaller, but still big enough for a 

cat to crawl through. When you head up into 

your attic to hunt for them, make sure your cat 

doesn’t follow you, or he may get lost.

To create a comfortable 
environment quickly,
find the big leaks first 
and seal them. Then look 
for smaller leaks.

protip
Sealing the Attic Keeps 
You Warmer Down Below

Warm air pushes hardest to escape at the 
attic level. If you can keep the air from leak-
ing out from the top, you will prevent cold air 
from seeping in from the bottom. A glass under 
water (see inset) demonstrates the same prin-
ciple: If the lighter air is prevented from leaking 
out at the top, the heavier water will not be 
able to get in at the bottom.

(Green dotted line = Air barrier)
(Gold arrows = Warm air)
(Gray arrows = Cold air)

The air barrier 
is most important 
at the attic level, 
where the pressure 
is greatest.

Warm air leaks
out at the top.

The pressure is
smaller in the middle
of the house.

Leaks near the
bottom are also
important, because the 
pressure is greater there.

Cold air seeps in 
at the bottom.

The upside-down glass is a 
good air barrier, preventing 
exchange between the inside 
air and the outside water.

Warm air pushes hardest to escape at the attic level. 
If you can keep the air from leaking out at the top, 
you will prevent cold air from seeping in at the bottom.
A glass under water (see inset) demonstrates the same 
principle: If the lighter air is prevented from leaking out 
at the top, the heavier water will not be able to get in
at the bottom.

(Red arrows = Air inside glass)
(Blue arrows = Water outside glass)
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Seal the high and low leaks

Remember the stack effect, which pushes out air 

at the top and pulls in air at the bottom during 

the winter? (see pp. 7–8.)The greatest pressure 

differences are those at the highest and lowest 

points in your house, and your top priority 

should always be the attic. Doing a complete job 

of sealing leaks between the house and the attic 

will help stop cold winter air from seeping in at 

the bottom of the house (see the drawing on the 

facing page).

When I sealed the leaks in my own attic, I 

was amazed at how much more comfortable my 

living room became. Sealing the attic also helps 

keep out moisture, reduce ice dams, and prevent 

hot air from leaking in from the attic or roof 

in the summer. Sealing leaks in an attic is hard 

Ice Dams
If you live in snow country, you’ve 
seen houses with ice dams 
clinging to the eaves. To help 
prevent ice dams, thorough attic 
air-sealing should always be a 
top priority. Note that in areas 
of high snowfall, the snow itself 
acts as insulation. In very snowy, 
cold climates, even a superinsu-
lated, air-tight ceiling or attic has 
enough heat flow to melt snow at 
the roof surface, and ice dams can 
still form. In heavy snow areas, the 
underside of the roof deck must 
be vented (regardless of how the 
attic is sealed and insulated) to 
cool the sheathing and reduce 
melting.

Plumbing vent

How Ice Dams Form
Air leakage is the biggest source of the heat loss that causes ice 
dams; poorly installed insulation comes in second. Ice dams form 
when snow melts and runs down the roof to the eaves, where it 
refreezes and seals tightly to the shingles. This leaves no escape 
route for further meltwater, which then backs up into the eaves 
or the house, causing damage.

As ice builds up, 
additional snowmelt 
can back up under 
the shingles, leaking 
into the soffit, exterior 
walls, or indoors.

Warm air 
leaking into 
the attic 
melts the 
snow (gold 
arrows).Melted water 

runs down and 
refreezes at 
cold eaves.

Heat loss from com-
pressed or poorly 
installed insulation melts 
the snow (red arrows).

Snowmelt

Ice dam

Snow

AIR LEAKS ARE A PROBLEM 
IN HOT CLIMATES TOO

Moisture and 
mold can form 
in exterior 
walls of an air-
conditioned 
house. 

Outdoors: Hot 
and humid

Indoors: Cool 
and dry

Moisture can 
condense on 
outside surface 
of interior 
vapor retarder 
or even dry-
wall.

Warm, humid 
air leaks in 
from outside 
through gaps.
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is a space you plan to convert to finished space 

in the future. If that’s the case, consider sealing 

and insulating the roof instead with sprayed ure-

thane foam (see pgs. 78, 177, and 182–183).

Start by walking through the top story of your 

house, noticing the location of partition walls, 

chimneys, light fixtures, changes in ceiling height, 

plumbing fixtures, and other features where leaks 

are likely. Then put on your protective gear and 

head up into the attic to take a closer look.

Start with partition-wall 
top plates
It’s best to be organized when working your way 

through an attic, so I usually start at one end and 

work my way to the other in an orderly fashion. 

This helps me avoid getting mixed up or missing 

things, particularly when I have to move existing 

insulation out of the way as I go. And when the 

attic is cramped (as it often is), it’s better to limit 

your movements.

In most homes, it makes sense to start by first 

sealing the top plate along one gable end, then 

work your way down the center, load-bearing 

wall. Seal the top plate to the plaster on both 

sides, and seal any wiring holes with spray foam 

work, but it is usually the best place to access the 

thermal boundary at the top of the house.

Once you have sealed the attic, the next pri-

ority is the basement, crawlspace, or slab—the 

home’s foundation. Sealing leaks there will help 

prevent cold air from coming in during the 

winter and cool air from escaping during the 

summer. Then you can look for significant leaks 

in other parts of the house.

Attic Air-Sealing
When walking around your house, you’re likely 

to see only the plaster or drywall. What you 

don’t see are all the connections where building 

materials meet (or don’t meet). The biggest leaks 

are hidden behind the walls, where you can’t see 

them. The key to air-sealing an attic is to block 

off the large openings and seal the smaller ones 

as completely as possible—from one end of the 

attic to the other. (Note: You might skip the air-

sealing if there are lots of complicated leaks as 

well as leaky ductwork in the attic, or if the attic 

Sealing the gap between the top plates and 
the drywall or plaster with foam insulation is 
tedious, but it’s a critical part of any attic air-
sealing job. This is a good time to seal wiring 
holes as well.

Don’t depend on a 
fiberglass insulation batt 
lying across an opening 
to act as an air barrier. 
Even faced batts will not 
stop air movement.

PROTIP

My first choice for 
attic air-sealing is a 
professional foam gun, 
which I use to apply low-
expansion foam with 
precision control to a 
wide range of holes and 
gaps. Hardware-store 
foam cans are cheaper 
and smaller, but they are 
also awkward to use and 
difficult to control. Once 
you start a can, you must 
use it up quickly or throw 
it away. Caulking is inex-
pensive for small jobs, 
but it can’t bridge gaps 
wider than 3⁄16 in., and 
most caulks don’t stick 
well to dusty or dirty sur-
faces. Although useful in 
many places, caulk is not 
recommended for most 
sealing jobs in the attic.

TRADE
SECRET

Although canned foam is quite safe 
when fully cured, the uncured liquid 
has some pretty toxic components. Be 
careful when using foam, and read 
the safety notices. Especially protect 
your eyes and lungs from exposure, 
and make sure your workspace is 
ventilated.

S A F E T Y  F I R S T
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ATTIC AIR-LEAKAGE DETAILS

The greatest attic air leaks typically occur where the ceiling is
interrupted: at changes in ceiling height, or dropped soffits (A),
and at duct and chimney chases (C).  Also, check openings at 
plumbing vent pipes (D), which varyin size; wiring holes (E); 
light fixture boxes (F); and other electrical penetrations, which 
are small but fairly obvious. Less obvious is the crack that 
almost always occurs between the top plate and the plaster
(G) when the framing lumber shrinks. You may also find walls
with no top plate (especially gable-end walls) (H) or gaps of 
a few inches between the exterior wall’s sheathing and the 
exterior wall’s top plate (I).

Change in ceiling 
height or dropped soffit 

Attic hatch

Chimney
(or duct)
chase

Plumbing
stack

Wiring
holes

Light 
fixture

Top plates

Walls with
no top plate

Gap between 
sheathing
and top plate

Chimney

Wall sheathing

Wiring holes  

Roof

E
F

C

B

G

G

G

G H

H

G

G

G

G

E

E

I

D

G

G

A

Attic Air Leakage Details

Wiring holes in 
top plates allow 
air to leak into 
the attic.

Balloon-framed rake walls create 
a series of large holes in the attic; 
they should be sealed.

When new framing lumber dries 
out, it shrinks, and the resulting 
gaps between top plates and dry-
wall can add up to a 5-sq.-ft. hole.

Heat from recessed 
lights drives air into 
the attic faster than 
the air would move 
on its own. 

Attics can be nasty 
places—dusty, 
uncomfortable, 
and sometimes 
hazardous. At a 
minimum, always 
wear a tight-fitting 
paper dust mask. 
I prefer a good-
quality respirator 
(one with an HEPA 
[High Efficiency 
Particulate 
Attenuation] filter); 
it works better and 
is more comfortable. 
It’s also a good idea 
to wear coveralls 
or other protective 
clothing and gloves.

S A F E T Y 
F I R S T

You should always wear 
at least a dust mask 
when working in an 
attic. Although a HEPA 
respirator (left) is more 
expensive, it is also 
more effective.

The greatest attic air leaks typically occur where the ceiling is inter-
rupted: at changes in ceiling height, or dropped soffits (A), and at duct 
and chimney chases (C). Also, check openings around the attic hatch 
(B); at plumbing vent pipes (D), which vary in size; wiring holes (E); 
light fixture boxes (F); and other electrical penetrations, which are 
small but fairly obvious. Less obvious is the crack that almost always 
occurs between the top plate and the plaster (G) when the framing 
lumber shrinks. You may also find walls with no top plate (especially 
gable-end walls) (H) or gaps of a few inches between 
the exterior wall’s sheathing and the 
exterior wall’s top plate (I).
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After cutting blocking 
material to fit and set-
ting it in place, be sure to 
caulk or foam carefully 
around all four sides for 
an airtight, permanent 
seal.

protip
If there is enough clearance between the top 

plates of the eave walls and the roof sheath-

ing, seal the top plates between the rafter tails. 

This may be difficult to do. It may help to use a 

tight-fitting vinyl tube as an extension to your 

foam gun. If there is a gap between the exterior 

sheathing and the outside edge of the top plate 

(“I” in the drawing on p. 33), you may have to 

stuff a kitchen garbage bag with fiberglass and 

reach over the top plate to fill this gap. This situ-

ation is more common in older plank-sheathing 

homes, and may be better accessed and sealed 

by removing the soffit or fascia if either of those 

needs replacement.

Through-framing into attics
Now that you are thoroughly familiar with your 

attic, you should have an idea of where the big 

holes are located. These holes typically occur 

wherever framing members, such as wall studs 

or floor joists, run from the conditioned space 

to the attic space. These bypasses require a little 

more thought to seal properly, and they are often 

the largest and most important leaks.

or caulking (see the photo on p. 32). As the 

center wall meets intersecting partition walls, 

follow each partition toward the eaves as far as 

you can reach. Be sure to find all the closet and 

hallway walls, which can be confusing.

As you pass each room, closet, or hallway, 

find any light fixtures that may be in the center 

of the ceiling and seal the electrical boxes (be 

careful not to squirt any foam inside the box). 

Treatments for recessed lighting fixtures are cov-

ered on pp. 37–38. If your attic already has insula-

tion in it, be sure to let the foam or caulking set 

before putting the insulation back in place.

Along the way, you will probably find some 

larger leaks, such as duct or plumbing chases, 

chimneys, and the like. Some of them can be 

sealed with foam or caulk as you go, but most will 

require some type of blocking. Make a note of 

what and where those larger leaks are, so that you 

can return with the right materials. Also make a 

note of any electrical junction boxes where wires 

are spliced. This will be useful later, particularly if 

you are going to add more insulation.

Some contem-
porary homes 

have cathedral 
ceilings flanking 

both sides of a 
small attic over 

the hallway. 
The studs fram-
ing the hallway 

walls often open 
into the attic. 

This one has a 
plumbing vent, 
too. Stuff some 
fiberglass into 

the opening 
before sealing it 

with foam.

One potentially leaky area is the gap between the 
housing on a bathroom ventilation fan and the ceil-
ing drywall or plaster. Be sure to replace the fan 
first, if that is part of your ventilation strategy.
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(see the sidebars at right and on p. 116). Second, 

use only noncombustible materials within 2 in. of 

a chimney. Third, recessed lights and some of the 

situations listed below require special attention.

Cape kneewalls
One of the most common through-framing 

leaks is found in Cape-style houses. As you 

can see in the drawing above, the floor joists 

between the first and second floors usually open 

into the kneewall attic area, allowing outdoor 

air to circulate between the floors. Even if there 

is no access into the kneewall space, it is worth 

cutting a temporary access through the wall to 

get in there and block off the joist bays. There 

are usually many joist bays; you can cut pieces 

of foam board to fit each one, making them 

slightly undersized, or cut longer pieces, notch-

ing for the joists (see the bottom right photo on 

p. 37). Wedge them into place and foam or caulk 

around all the edges. If there is a subfloor in the 

kneewall area, you may have to pull up some 

The key to creating a good air barrier 

between the conditioned space and the attic is 

to make sure you bridge all the gaps and spaces 

between the plaster and the framing members 

that you can’t see from the inside. Your job is to 

find every place where there is a gap and then 

patch it. Follow the plane of the plaster or dry-

wall along the ceiling and any connecting walls. 

This is sort of like playing a three-dimensional 

“connect-the-dots” game where someone has 

already filled in some of the links but left out 

a bunch of them. Wherever the ceiling plane is 

interrupted or changes levels, you need to supply 

the connecting link.

Keep in mind that insulation batts with paper 

or foil facing that lie across one of these open-

ings do not constitute an air barrier. Insulation 

does not stop air! In fact, it’s best to ignore the 

insulation when assessing and fixing an attic’s air 

boundary.

Be aware of some other important issues. First, 

don’t inadvertently seal combustion air openings 

Rafter

Second-
floor 
living
space

Kneewall

Floor joist

Where the air is supposed to go

Where the air really goes

First-floor 
living space

Soffit vent

Airflow in a
Cape-Style Kneewall
Floor framing that extends 
into a side attic, such as the
kneewall spaces commonly 
found in Cape-style houses, 
and doesn’t contain blocking 
is an open invitation for cold
air to flow between the
floor joists.

AIRFLOW IN A CAPE-STYLE KNEEWALL

Floor framing that 
extends into a side attic, 
such as the kneewall 
spaces commonly found 
in Cape-style houses, and 
doesn’t contain blocking 
is an open invitation for 
cold air to flow between 
the floor joists.

If your furnace is in 
a closet with an attic 
above it, there may be 
combustion air openings 
from the closet into the 
attic. Don’t seal those 
openings; if the furnace 
(or water heater) can’t 
get adequate combus-
tion air, it can generate 
deadly carbon monoxide 
gas. Codes require high 
and low combustion air 
inlets, and the low one 
may be fed by a stud bay 
that opens into the attic, 
so be sure to leave that 
unobstructed as well. 
These openings can be 
sealed if you replace all 
equipment with direct- or 
power-vented units.

WHATCAN
GOWRONG

When working in an attic, make sure 
you support your weight on the ceil-
ing joists. Otherwise, you may fall 
right through the ceiling drywall or 
plaster. It’s a good idea to bring a 
4-ft. length of 1×12 or a small piece of 
plywood to help support your weight. 
Kneepads can also help with the 
awkward jungle-gym moves.

S A F E T Y  F I R S T
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boards or cut away a section of plywood near 

the kneewall to reach that area.

This type of open floor framing occurs in 

other places. For example, an ell or an addition 

with a lower roofline, or a finished room over a 

garage, may be built the same way, so they need 

the same type of draft-stopping. Also, floor fram-

ing between the first and second floors may 

open into a porch roof or the attic over a single-

story addition or garage. Many of these areas are 

not normally accessible, so you may need to cut 

an access through the drywall or plaster to get 

into them (see “Insulating a House”); because 

The simplest fix for most big openings is a 
piece of 1-in. rigid foam insulation, with 
canned foam around the edges to seal and 
hold it in place.

Search for hidden 
attic spaces above addi-
tions so that you don’t 
miss areas that need 
sealing and insulation.

PROTIP

Attic Bypasses
Although there are many variations, here are 
some common attic bypass situations:

1. Dropped, or soffited, ceilings are common 
in kitchens above cabinets, in bathrooms over 
showers or vanities, and sometimes over stair-
ways (see photo B).

2. Plumbing chases (see photo B) can be much 
larger than the pipes that run through them.

3. Chimney chases often run all the way to the 
basement of a house (see photo A).

4. Tri-level homes often have open cavities 
that extend from the lower level into the attic, 
along the wall between the 
levels. These stud spaces are 
bypasses, as are the large 
openings that may occur near 
the stairs (see photo C).

5. Older homes and row-
houses with brick exteriors 
may have wood furring strips 
that extend from the attic to the 
basement. Walls above pocket 
doors may also have gaps, 
which open into the channel in 
which the door slides.

A

C

B
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To reduce the risk of 
fire, most chimneys, 
as well as vent pipes 
for furnaces and water 
heaters, are required by 
code to have a minimum 
clearance of 2 in. from 
combustible materials 
(such as framing). Seal 
chimney chases with 
aluminum flashing, light-
gauge sheet metal, or 
cement board screwed, 
nailed, or stapled to the 
rough opening. Caulk 
the joints with high-
temperature silicone 
caulk or furnace cement.

ACCORDING
TO CODE

A T T I C  A I R - S E A L I N G

part of the fixture, so each one represents a big 

“hole” for both air and heat flow. If you have a 

lot of them, the result can be an energy disaster.

The best approach is to replace them with air-

tight fixtures that are rated for insulation contact, 

or “IC.” The IC rating allows insulation to sur-

round and cover the light fixture. Not all IC-rated 

fixtures are airtight (AT), but building codes in 

most states require airtight IC fixtures, so they are 

easy to find. Look for a label that says AT or 

ASTM™ E 283. An airtight retrofit kit or trim/

lens kit may also be available for existing recessed 

cans. Or use an LED insert; though not rated as 

airtight, the integral lens and trim ring will slow 

leakage dramatically and save a bundle on the 

lighting cost as well (see the right photo on p. 208).

As an alternative to replacing your light fix-

tures, you can build airtight boxes over them 

using 1⁄2-in.-thick drywall, with a drywall or 

sheet metal top. The box must fit around the 

joists and be large enough to dissipate the heat 

emitted by the light. For typical 16-in. o.c. fram-

ing, for example, make a box that is about 17 in. 

square and 14 in. high. Set the sides of the box 

in place, foam around them (on the outside), 

and wait for the foam to cure. Then cut the top 

to size and seal it in place with caulking or duct 

mastic. Be careful not to insulate over the top; 

the leaks are so large, it is worth the trouble. 

Seal these leaks the same way you would a Cape 

kneewall—foam board or similar blocking mate-

rial, foamed or caulked in place between the 

floor joists. As with a full-size attic, note that 

insulating and sealing at the roof line are viable 

options for a kneewall space, especially if there is 

ductwork or equipment there, or if you wish to 

use the space for storage (see pp. 73–75).

Recessed lights
Recessed “can” light fixtures installed in an 

insulated ceiling are often big air leaks. Most 

common styles are full of holes to vent the fix-

ture so it doesn’t get too hot. Also, an older unit 

can’t have insulation above, or within 3 in. of any 

When working in an attic, watch out 
for stinging insects (keep a can of 
insecticide spray nearby in warm 
weather); rodent droppings (or even 
the rodents themselves), which some-
times harbor disease; knob-and-tube 
wiring (see p. 67); and any wires that 
are spliced without a junction box, 
frayed, nibbled by mice, or that other-
wise appear unsafe.

S A F E T Y  F I R S T

Any draft-stopper 
installed within 2 in. of 
the chimney must be 
made of a material that 
won’t burn.

The floor framing behind this kneewall is 
open right into the attic. Unless these gaps are 
blocked, outdoor air will circulate between 
the first and second floors.

Sealing the floor bays with foam board is the 
air-sealing equivalent of closing up two to four 
large, open windows.
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any insulation above a non-IC-rated light fixture 

is a violation of the National Electrical Code.

Other special situations
Attic air-sealing is complicated by the fact that 

there are so many types of houses, but there 

are some fairly common situations. First, don’t 

miss hidden attic areas. Sometimes an addition, 

dormer, or ell may have a separate attic that you 

can’t see, because the new roof was built right 

over the first roof. Cut an access in the roof 

sheathing once you know where the second 

attic area is. If you aren’t sure, use a tape measure. 

The nail pattern may give you a hint as to where 

the valley rafters were nailed. Use a reciprocat-

Use airtight recessed 
lights that are certified 
as meeting current codes 
for insulated ceilings. 
Look for a label that says 
IC and AT (or insulation 
contact and airtight).

To maintain a clearance of 3 in. from every 
part of a non-IC-rated recessed fixture, you 
may need to cut the drywall to step the box up 
over the edges of the existing joists. 

You can use foam to seal the box to the ceiling 
and joists. Be careful not to squirt any foam in 
under the box.

A sheet-metal top with mastic around the 
edges completes the airtight box. Don’t 
put any insulation on top of the box. 

Recessed incandescent lights gener-
ate a lot of heat. If you build an air-
sealing box around one, it is critical 
that the material be noncombustible, 
that the top be non-insulating, and 
that the volume of the box is large 
enough to dissipate heat generated 
by the fixture.

S A F E T Y  F I R S T



­39a t t i c  a i r - s e a l i n g

barrier. It’s best to remove the suspended ceiling 

and install new drywall. If this is not an option, 

you can remove ceiling tiles and staple an air 

barrier to the underside of the joists. Use 6-mil 

poly in cold climates or nonperforated house-

wrap in mixed or hot climates. You must cut and 

fit the material around each penetration. Be sure 

to use good-quality tape for the seams. Also, tape 

the air barrier to the walls or top plates on all 

sides, and use a sealant (preferably foam) for all 

penetrations.

Another potential air-leakage disaster is a 

wooden tongue-and-groove ceiling. Whether 

the ceiling is flat or cathedral, if there is no air 

barrier behind the planks (which is typical), the 

hundreds of lineal feet of cracks in even a small 

room can add up to a big leak. If the aesthetic 

value of the wood ceiling is important, the only 

reliable way to add a good air barrier is to care-

ing saw and start low. Begin with a small hole, so 

you can see how far up you can safely cut, and 

make sure you don’t cut into any rafters.

Suspended ceilings can hide tremendous leak-

age areas, particularly if they have attic spaces 

above. In older houses, such ceilings are often 

installed to hide deteriorating plaster. There may 

be large holes in the ceiling or high on the walls 

that are hidden by the dropped ceiling. You can 

move the ceiling tiles as needed and patch the 

holes with drywall scraps. Use pieces that are 

large enough to cover the holes. Be sure to  

drive plenty of screws into the lath or ceiling 

joists, and caulk around the edges to obtain a 

good seal.

Sometimes a suspended ceiling hides open 

framing that is insulated with only faced fiber-

glass batts. This is a huge air leak: neither the 

insulation nor the suspended ceiling is an air 

Suspended ceilings ­
can hide tremendous 
leakage areas, particu-
larly if they have attic 
spaces above them.

protip

Sometimes, small dormer attics may be hidden 
behind the roof sheathing; in this case, fortu-
nately, the attic is visible and easily accessed.

This tongue-and-groove ceiling allows lots of 
indoor air to reach the cold roof sheathing in 
winter, where it freezes; when the weather 
warms up, it rains indoors.
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Occasionally, air leaks occur in places that are 

virtually impossible to reach. If your house has 

a lot of cathedral-ceiling areas, you may have 

many plumbing vents and wiring holes that lead 

from partition-wall cavities up into the roof. 

These provide a path for warm humid air to 

escape in winter and for hot attic air to leak  

into interior walls in summer. Unless you are 

planning to re-roof or to gut those partitions 

in a remodel, your most likely options involve 

dense-packed cellulose insulation or two-part 

foam. Either can be installed from indoors  

where the partition walls meet the roof (see the 

sidebar on p. 84).

Other hard-to-reach areas include gambrel 

and mansard roofs. Structurally, they are very 

similar to Cape kneewalls (see p. 35), but the 

kneewall area is far too narrow to access. Small 

eyebrow roofs, or overhangs in the middle of 

two-story walls, can also be a problem. It may be 

possible to access the area from the exterior by 

removing the soffit; if the space is small, you may 

also be able to fill it with dense-packed cellulose.

fully remove the planks, create an air barrier, and 

reinstall the wood. The air barrier can be taped 

drywall or, better, an inch or more of rigid foam 

insulation (with carefully sealed seams). The 

latter also adds R-value. If the wooden ceiling 

is not important to you, drywall can be installed 

over the boards. This is also a good opportunity 

to add rigid insulation, especially if it’s a cathe-

dral ceiling with limited room for insulation in 

the rafter cavity.

Before you pull apart a wooden ceiling, check 

to see whether there is an air barrier behind it; if 

there is, you may have a much smaller problem 

on your hands. Poke around a bit at the cracks 

where the wood fits together; there are almost 

always some places where the tongue is cracked, 

the wood is split, or the ends don’t butt tightly. 

Use a small flashlight to see past the wood. If 

you don’t see polyethylene, drywall, or some 

other solid material (kraft paper or foil facing 

doesn’t count), you probably have no air barrier.

Cathedral ceilings are 
difficult to air-seal and 
add insulation to. But not 
all ceilings that appear 
to be cathedral are. If 
the slope of the ceiling 
is shallower than the 
slope of the roof, the roof 
was probably built with 
scissors trusses and is 
not a true cathedral ceil-
ing. Although difficult, it 
may be possible to gain 
access to reach some 
of the larger leaks and 
install more insulation.

INDETAIL

Acoustical-tile  
ceilings present a poten-
tially large air-leakage 
problem. These 1-ft.-sq. 
tiles are basically made 
of compressed paper 
with tongue-and-groove 
edges, and the cracks 
between them leak like 
crazy. The only reason-
able solution is to dry-
wall right over them. If 
they are on sloped- or 
cathedral-ceiling areas 
where there is limited 
room to add insulation, 
this is the perfect oppor-
tunity to install some  
rigid-foam insulation 
prior to the drywall.

whatcan
gowrong

The plumbing wall in this house opens into the cathedral ceiling, dumping warm air 
into the roof cavity above and melting snow to cause this ice dam.
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even if you intend to insulate the floor over the 

basement. There are four common leakage areas 

in basement walls: service penetrations, stepped-

wall transitions, bulkhead doors, and the sill/band 

joist area. Note that if you intend to finish or ren-

ovate your basement, it might make sense to seal 

and insulate the walls with spray foam or flash and 

batt (see pp. 89–91, 177, and pp. 182–183).

Basement/Crawlspace 
Air-Sealing
After the attic, the basement or crawlspace is the 

next most important area to seal for several rea-

sons. Like the top of a home, the bottom typically 

has the largest air pressure pushing air in or out of 

the house, so sealing those leaks results in larger 

energy savings. Second, though often smaller than 

attic leaks, basement and crawlspace leaks tend 

to be larger than those in exterior walls. More 

important, in most climates, air leaks in from the 

bottom in cool or cold weather. This leaking air 

can carry radon gas, mold spores, gases from pesti-

cide treatments, water vapor, and any other subsoil 

nasties that may become airborne. Sealing leaks at 

the lowest level of your home helps prevent these 

undesirable elements from entering your home. 

Finally, most pipe-freezing problems result from 

cold air leaking in around the sills, where the 

pipes are often located.

Basement walls
Generally, I consider it most effective to create a 

good air barrier between the basement and the 

outdoors by sealing the walls. This is typically true 

Small roofs like this one can hide big air 
leaks; they often hide large gaps in the wall 
sheathing behind them.

Seal leaks at the 
lowest level of your 
home to keep out radon, 
other toxins in the soil, 
and water vapor.

PROTIP
Attached garages can be a repository 
for deadly carbon monoxide and other 
toxic fumes, as well as cold air, so it 
is very important to seal the boundary 
between the house and the garage. 
Make sure that all joist spaces over 
garage walls are blocked and sealed.
If drywall is in the way, try dense-
pack cellulose in the garage ceiling 
(see the drawing on p. 87).

S A F E T Y  F I R S T

Stepped foundation 
walls are often built on 
hillsides in cold climates. 
The vertical parts of the 
steps are often particu-
larly leaky. These can be 
sealed from inside or out 
with silicone caulking. 
Stuff in some fiberglass 
as a backing, or use 
spray foam if the gap
is large.

INDETAIL

All service penetrations in a basement should 
be sealed with caulking (if the gap is small) or 
foam (if the gap is large).
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Bulkhead doors Another common source 

of basement leakage is the bulkhead door. 

Bulkheads are designed to keep out rain but 

not to stop air. If your basement is unfinished, 

the best way to deal with this is to install a new 

exterior door at the foundation wall inside the 

bulkhead. Use treated wood where the door 

contacts the foundation, and be sure to tightly 

seal between the framing around the door and 

the concrete. If your basement is fully or par-

tially finished and already has a door inside the 

bulkhead, you may still have a large air leak at 

the top and sides. Be sure to put solid block-

ing in the gap between the door frame and the 

foundation, then caulk around all the edges.

Service penetrations Every home has basic 

service penetrations, such as those for electric-

ity, telephone, plumbing, fuel lines, and cable 

TV. Often, these penetrations are made in the 

band-joist area, also called the box sill or ribbon 

joist in conventionally framed houses (in older 

homes, this may be one large sill beam). Some-

times penetrations come through the foundation 

(especially plumbing drains, which are always 

below grade). Seal all penetrations from the in-

side, the outside, or both with caulking or foam. 

Any below-grade penetrations must be sealed 

from the inside. And don’t assume that air can’t 

leak in from underground; soil is often surpris-

ingly porous to air movement.

If other joists are in the way, services that run 

through the band joist may be difficult to reach 

from the inside, so you may need to seal them 

from the outside. If your basement is finished, 

the exterior may be the only area to which you 

have access. Caulk or seal these openings, being 

careful to seal all the way around.

Although a typical steel bulkhead basement 
door sheds water, it barely slows cold air from 
leaking inside.

An insulated, weatherstripped door is essen-
tial inside any bulkhead basement opening.

Be sure to seal between the door 
frame and the foundation wall. 
Remember to use only treated wood 
in contact with concrete.

Here are three grades 
of caulking guns. From 
bottom to top, they sell 
for about $4, $8, and $20. 
You get what you pay 
for—stay away from the 
$4 guns.
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there. Also, there are usually three or four fram-

ing members that are stacked on top of each 

other between the foundation wall and the first 

floor’s subfloor, and each of those junctions can 

leak. You can seal this area from the inside or 

from the outside; if you have access, you may 

want to do both.

Sealing the band joist from the inside yields 

the best results, if it’s not hidden behind a fin-

ished ceiling. To do this, you can cut blocks of 

2-in.-thick extruded polystyrene. Cut the blocks 

to fit snugly in height, but leave them about 
1⁄2 in. narrower than the joist spacing. Wedge 

them into place, as close as possible to the band 

joist, then foam or caulk them on all four sides. 

Be sure to seal the area between each block at 

the bottom, where the joist rests on the sill. You 

can do the same thing on the gable ends of the 

house, using long strips of foam board that are 

sealed on all four sides. As an alternate, you can 

spray a couple of inches of two-part foam from 

a kit to seal and insulate in one step. Whichever 

approach you use, be careful not to trap heating 

Sills and band joists The tops of founda-

tion walls are often far from flat. The gaps may 

be small, but spread around the perimeter of a 

home, they really add up. Even recently built 

homes that have a foam sill sealer between the 

sill and the concrete may leak a lot of cold air 

Although air-sealing a home can 
theoretically increase radon levels, it 
is unlikely. Sealing leaks and slow-
ing the stack effect is more likely 
to reduce the amount of soil gas—
including radon—that is pulled into 
the house from underground. The 
only way to tell whether you have 
dangerous radon levels is to test your 
home. Because of the potential health 
risks, it is a good idea to test for radon 
whether or not you do air-sealing. If 
elevated radon levels are confirmed 
by at least two tests, find a certified 
professional to install a mitigation 
system. See www.epa.gov/radon for 
more information.

S A F E T Y  F I R S T

When air-sealing a 
basement, be careful 
not to interfere with 
combustion air required 
by the furnace, boiler, 
or hot-water heater. All 
combustion equipment 
needs enough air to 
provide oxygen for the 
fire, and sealing a house 
can sometimes interfere 
with that process. If the 
equipment is not working 
properly, it can lead to 
the production of deadly 
carbon monoxide. If 
possible, it’s best to 
replace equipment with 
direct- or power-vented, 
high-efficiency models.

WHATCAN
GOWRONG

Blower-Door Testing
Air-sealing is a job that requires much more labor than material, which often 
suggests a do-it-yourself approach. However, air-sealing does require attention 
to detail and (in many homes) a willingness to squeeze into difficult places. If 
these qualities don’t describe you, it may be worth hiring a building-performance 
professional. Experienced professionals use a blower door to help find air leaks 
and measure the tightness of the building. The fan blows air into (or out of) the 
house, measuring how well the building enclosure contains pressure. This can 
be very handy, especially in a house with complex air-leakage paths.

It’s also good to keep the big picture in mind: If you are planning on renovating 
or adding onto your house, you will have a unique opportunity to seal leaks while 
the building is opened up. It may not make sense to manually seal leaks now that 
you know you will deal with them more effectively at the next stage, especially 
leaks that are small or hard to reach. Of course, if the next stage is a few years 
off, it may still be well worth hitting the big leaks at a minimum. A building-
performance professional can help you set priorities and make a long-term plan.

A blower door is used to mea-
sure how airtight a house is. 
It’s also useful in helping iden-
tify where the air leaks are.
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very difficult if you have a finished ceiling in the 

basement. In this case, focus your efforts on the 

sill and the exterior foundation walls.

The basic idea behind floor air-sealing is the 

same as attic air-sealing: to create an uninter-

rupted air barrier between levels. Typically, this 

is done at the subfloor. First-floor decks have 

or plumbing pipes between the insulation and 

the outside; they could freeze.

Sealing the floor deck
Although it is typically more difficult than sealing 

foundation walls, sealing the floor deck between 

the basement and the first floor may make sense. 

If you want to use the basement as living space, 

it’s almost always better and easier to insulate and 

seal the exterior basement walls. But if the house 

sits on an unfinished basement or vented crawl-

space, you may benefit from sealing the floor from 

below. Note that sealing the floor deck can be 

If you want to use your 
basement as living 
space, you should plan 
to completely air-seal 
and insulate the exterior 
basement walls.

protip

In some cases, it’s 
possible to seal sills 
from outside by caulk-
ing the space between 
the bottom edge of the 
exterior sheathing and 
the foundation wall. In 
some places, there may 
be gaps so large that you 
need to fill them with 
foam instead of caulk. 
Trim off the extra foam 
so you don’t create any 
ledges that can trap 
water running down 
the siding and direct 
it inside.

whatcan
gowrong

A two-part spray foam kit is a great option 
to seal and insulate the entire sill and joist 
area in one step. Be sure to wear appropriate 
safety gear. 

Sealing the band joist (in this case, with foam-
board blocks) from the inside is another effec-
tive approach.

Most floors have many 
service penetrations, 

which make them 
difficult to seal well.
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Crawlspaces

Crawlspaces are nothing more than short base-

ments, usually just deep enough for the footings 

to be below the frost line. Unlike basements, 

they often have exposed dirt floors. Building 

code requirements for vapor retarders are typi-

cally inadequate, even when they are followed 

properly. Crawlspaces can be pretty nasty places; 

they often have inadequate drainage. Building 

codes that require these spaces be vented to the 

outdoors may make matters worse.

The best treatment for a crawlspace is to 

include it in the conditioned space by sealing 

and insulating the exterior walls, just like a base-

ment. Of course, any standing water must first be 

eliminated. Make sure that the crawlspace floor 

slopes to a low point (or create a low point by 

digging a trench across one side or around the 

perimeter) so all the water drains to that point. 

Install a sump pump or drain to daylight from 

that low point to get out any water that leaks 

in from outside or from a plumbing leak. And 

clear out any sharp rocks or other materials that 

many holes in the subfloor for plumbing drains, 

supply piping, wiring, ducts, and chimney chases. 

Bathtubs and showers often have large cutouts 

underneath the drain trap. Those holes require a 

material that can span large spaces. The materi-

als listed for attic bypasses will work. Also, look 

for openings or penetrations under kitchen and 

bathroom cabinets and built-in furniture.

Code (and common 
sense) says not to use 
foam or other combus-
tible materials around 
active chimneys or 
heating-equipment vent 
pipes. These penetra-
tions can be sealed with 
high-temperature caulk-
ing; use metal flashing or 
cement board if you have 
large spaces to fill. Also, 
avoid using foam around 
heating pipes, particu-
larly if you have 
steam heat.

according
to code

I often use acoustical 
sealant when I’m install-
ing poly in a crawlspace, 
particularly to seal it to 
the walls. Although it 
is messy to work with, 
it sticks well to poly-
ethylene and works even 
better than high-quality 
tape. Polyurethane caulk 
also works well.

trade
secret

This tub trap is a big air leak from the base-
ment into the house. Note that the duct chase 
(another big air leak) in the lower right 
corner should also be sealed.

Even better than regular poly 
are products such as Tu-tuf, 
Tenoarm, and PolyTuff®. These 
sheets are thinner but much 
stronger and more puncture 
resistant than regular poly-
ethylene. (These products 
are available from sellers of 
energy-efficient building prod-
ucts; see Resources.)

The insulation on these crawlspace walls was 
carefully sealed to the vapor barrier on the 
floor, creating a warm, dry space.
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You can plan for two or more wide strips that 

run parallel to the long wall of the house so 

the seams are in line with rows of piers or sup-

ports as much as possible. Make the pieces wide 

enough to overlap 12 in. to 24 in. As you install 

the poly, it’s best to lift up any wooden posts just 

enough to slip the edge of the poly underneath. 

This provides a capillary break and reduces 

the amount of sealing you’ll have to do. Use a 

hydraulic jack (or two) supported on sections 

of 4×4 or 6×6 to jack up the beam resting on 

each support. For masonry columns or supports, 

lap the poly up a few inches and seal it to the 

column with urethane caulk. Fill in each sec-

tion of floor, sealing it to the wall and the other 

floor sections until you’ve completed the job—

you can tape the seams with good-quality tape 

such as 3M® Builders Sealing Tape or Tyvek® 

Sheathing Tape. If you have a sump pit, seal the 

poly to the edge of the sump pit liner so water 

will drain into the pit.

Finally, insulate the crawlspace walls with 

2-in. rigid foam insulation, taping or sealing 

might damage the poly as you’re installing it. 

Next, seal up existing crawlspace vents with a 

piece of 2-in.-thick polystyrene cut to fit in the 

vent; caulk or foam it in place from the inside.

A crawlspace should have a superbly sealed 

vapor retarder. The earth is such a large source 

of moisture that a few pieces of poly scattered 

on the floor can’t do a good job. Use full sheets 

of 6-mil polyethylene or, better yet, one of the 

varieties of cross-laminated poly. Start by hang-

ing a strip that covers the foundation walls; seal 

it to the wall a few inches above grade, using 

urethane caulking; hold it in place with pressure-

treated nailing strips and powder-actuated nails, 

or drill holes and use plastic “button” anchors. 

Allow the bottom edge to extend at least 12 in. 

past the bottom of the wall onto the crawlspace 

floor. You’ll find it easier to cut the poly to size 

in the driveway rather than the crawlspace. Cut 

it generously; it’s easier to trim a bit off than to 

add some back.

Then, plan to cover the floor with sections 

that extend up the wall about 12 in. on all sides. 

If you have an older 
house with a plank 
subfloor instead of a 
plywood subfloor, air-
sealing the floor can 
become quite complex. 
In addition to the obvi-
ous holes, be sure to fill 
the gaps between the 
plank boards, as well 
as the penetrations. You 
can also consider a flash 
coat of spray foam (see 
the photo at left on p. 177) 
to seal the floor plane 
before adding insulation.

INDETAIL

Most codes require crawl-
space vents, which are 
supposed to allow mois-
ture to escape. But these 
vents bring in cold air in 
winter; in warm, humid 
weather they actually 
introduce moisture that 
can condense on cool 
framing members and 
contribute to mold and 
rot. Most building codes 
now allow insulated, 
unvented crawlspaces. 
With the right treatment, 
these spaces can be rela-
tively clean and dry.

according
to code

Plastic button anchors (see inset: Outwater 
Plastics; www.outwater.com) can be 
pressed into ¼-in. holes drilled with a 
hammer drill. One button every 3 ft. can 
support even a heavy liner.

After the vapor retarder is hung on the walls, 
spread the overlapping piece on the floor. Be sure 
to seal it carefully at all edges and penetrations.
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Sidewall Air-Sealing
Exterior walls are not typically the leakiest parts 

of a house. Leaks occur in walls where services 

enter the home, where the framing of the house 

makes transitions, around rough openings for 

windows, and through and around window 

sashes. (Windows will be covered in more detail 

in “Windows.”)

In older wood-framed homes, the framing 

spaces of interior partition walls may also open 

into exterior wall cavities. If you have an older, 

uninsulated house, pay special attention to these 

junctions—you can treat them with dense-

packed cellulose or two-part kit foam (see p. 84).

Service penetrations
Sealing cable, wiring, plumbing, and telephone 

service penetrations is fairly easy. Such open-

ings are usually accessible from the exterior 

and are often small because some effort is made 

to weatherproof them during installation.

every joint; or have the walls insulated with 

sprayed urethane foam. Remember to seal and 

insulate the band joist carefully, (see pp. 43–44).

Slab-on-grade
If your home (or part of your home) has no base-

ment or crawlspace, it is probably a concrete slab-

on-grade. Those homes are somewhat simpler to 

seal because there are fewer connections among 

building materials at the foundation. Your primary 

job with slab-on-grade construction is to caulk or 

otherwise seal the exterior walls where the house 

framing meets the slab. Caulk any gaps between 

the baseboard and the floor from the inside, 

although with carpeting, this may be difficult. You 

can also caulk the exterior, where the siding or 

sheathing meets the slab, but that may be difficult 

if the slab is very close to the ground.

Also look for conduits that carry services (water 

pipes, etc.) from underground up into an indoor 

mechanical room—these may leak air, and can be 

sealed with spray foam or electrician’s putty.

In a crawlspace or
attic that’s accessible 
for maintenance or 
repairs, typically any 
type of foam insulation 
that is not listed for 
exposure needs to be cov-
ered with an ignition 
barrier. One rigid foam 
product I’m aware of, 
Dow® Thermax™, is listed 
for exposed use 
in basements or crawl-
spaces. Also, some 
sprayed foam prod-
ucts are listed for use 
in crawlspaces either 
without covering or with 
sprayed-on coatings such 
as intumescent paint. 
Check the ICC-ES report 
(see the sidebar on p. 79) 
and make sure you follow 
installation instructions 
carefully.

ACCORDING
TO CODE

Caulk for Air-Sealing
I GENERALLY USE TWO TYPES OF CAULK: 
100-percent-pure silicone and siliconized 
acrylic latex. My preference is pure silicone 
caulk. Although it’s more expensive and 
harder to clean, pure silicone is much more 
adhesive, more flexible, and less prone to 
shrinkage as it cures. It’s a must anywhere 
you are trying to seal wood, metal, or con-
crete to one another, because the differen-
tial movement of these materials will tear 
acrylic caulks apart. It can safely be used 
on gaps up to about 1⁄4 in. wide; wider gaps 
require you to stuff in some spongy mate-
rial or insulation as a backing. Pure silicone 
is also much more durable, so it’s better for 
exterior applications that aren’t too visible; 

however, it is not paintable. Acrylic can be 
painted easily, so I generally reserve it for 
interior spaces and conspicuous exterior 
areas. However, because it shrinks more, 
don’t use acrylic on any gap or crack wider 
than 3⁄16 in. unless you install backing.

Stay away from clear acrylics. The cured, 
clear material has a shiny surface that can 
be quite noticeable. They also contain fewer 
solids than pigmented acrylic caulks do, so 
they shrink more. Be sure to store any type 
of caulking at room temperature; if it gets 
too cold, it can be very difficult to squeeze 
out, and it may not cure properly.
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I usually use caulking to seal any gaps where 

services enter through the siding.

Transitions in exterior  
wall framing
 One common example of a wall transition is 

a cantilevered floor, typically an overhang of 

1 ft. to 3 ft. that is common on raised ranches 

and Colonial-style homes. Often, the plywood 

soffit at the bottom of the overhang is not sealed 

tightly, and air can leak through these gaps, 

which are easy to caulk. If the cantilever is fin-

ished with aluminum or vinyl soffit material, the 

leakage is even worse. I’ve seen cantilevers fin-

ished with perforated vinyl and no air barrier at 

all. In that case, you should carefully remove the 

soffit and add a solid material, such as plywood. 

Caulk around all four edges, and replace the 

vinyl or aluminum soffit, if you wish.

Other places where walls make transitions can 

be leaky, but they often take the form of a roof 

or an attic interrupting a vertical wall. Most of 

those cases are covered under “Attic Air-Sealing” 

on p. 32.

Pull-down attic stairs 
are especially difficult 
to insulate and seal. You 
can buy a prefabricated 
kit like this Therma-
dome, which is made of 
11⁄2-in.-thick foil-faced 
insulation, or you can 
make one yourself. Make 
sure you have a nice, flat 
deck around the stairway 
opening on which the box 
can sit (the deck needs 
to be only 1 ft. wide), and 
caulk the deck to the 
rough opening for a  
good seal.

INDETAIL

This pull-down stair kit 
comes with adhesive, 
weatherstripping, alumi-
num tape for the edges, 
and hook-and-loop tabs 
on each end to tie it down 
tightly.

This cantilever can be a source of cold-air 
leaks; be sure to caulk around it carefully.

Most weatherstripping is not worth the pack-
aging it comes in. Here, from left to right, are 
some high-quality ones. V-seal can be used 
for doors and windows. Silicone rubber bulb, 
which stays flexible and soft at low tempera-
tures, works well for doors with a narrow 
clearance. My favorite is the vinyl-covered 
V-section (Q-lon® is one brand). It is available 
without backing for stapling onto unfinished 
areas or for replacing worn-out magnetic 
weatherstripping; and with aluminum or 
wooden trim.

Any overhang that is finished with only a 
vinyl soffit material with fiberglass batts is 
like a 40-ft.-long door left open, with only a 
venetian blind pulled over it. This area needs 
a solid soffit material.

Weatherstripping Doors 
and Hatches
Most modern doors and windows have good 

weatherstripping built in, but older ones usually 

don’t. In addition, many homes have at least one 

less-finished, or even makeshift, door or hatch-

way as part of the thermal boundary. This section 

discusses replacing or repairing weatherstripping 

on hinged doors, access panels, and attic hatches. 
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closed. A few pointers: Be sure to cut the sweep 
1⁄8 in. shorter than the doorstops, so the sweep 

doesn’t bind. Pull out the flexible rubber strip, 

and use a hacksaw to cut the aluminum section 

to length on the end that will be at the hinge 

side of the door. Reinsert the strip, then cut it 

to length with a utility knife. Next, squeeze the 

ends of the aluminum track to pinch the rubber 

strip in place. I recommend predrilling a hole for 

the stop button; otherwise the doorstop is likely 

to split. Open and close the door a few times to 

make sure everything works properly.

Weatherstripping an attic or a 
crawlspace hatch
Attic hatches are often quite leaky. I recommend 

using vinyl-faced weatherstripping with an alu-

minum carrier strip. Usually, a kit designed for a 

door will do at least one access hatch, sometimes 

two. Cut the pieces with a pair of sharp tin snips 

and screw them in place. If the hatch door is too 

lightweight or too warped to make a good seal, 

replace it with 5⁄8-in. A/C plywood or another 

sturdy, flat material. Either way, you may need to 

add a pair of eye hooks or a barrel bolt to keep 

the hatch snug against the weatherstripping. 

Weatherstripping a door
To seal any standard swinging exterior door, 

install a flexible, spongy weatherstrip on the top 

and both sides. First, remove old weatherstrip 

that may be in the way. Start with the top piece, 

cutting it to fit into the corners of the doorstops. 

Press the piece against the closed door so that 

the spongy side is slightly compressed, then nail 

or screw it in place; don’t drive the nail heads 

in yet. Then cut the side strips to length. Install 

those pieces the same way, working from the top 

down. The trick is to compress the spongy part 

enough to ensure that there will be good con-

tact, but not so much that it interferes with the 

door’s closing and latching. Check the fit, then 

drive the nails home.

Door sweeps
Door sweeps cover the crack at the bottom of  

a door. If you plan to install weatherstripping on 

the sides of the door opening, be sure to do  

so first. 

If your door has a low threshold, or if there’s 

a thick rug or an irregular floor in front of it, a 

flat sweep will scrape and prevent the door from 

working. In that situation, use a hinged sweep, 

which flips down snugly when the door is 

This door sweep lifts out of the 
way when you open the door, 
riding clear of carpets and 
uneven floors.

After trimming a door sweep to 
size, crimp the ends to hold the 
rubber strip in place.

A regular door sweep 
works well if the door 
has a prominent thresh-
old or the floor slopes 
away from the door.

If you are using a 
nail-in type of weath-
erstrip, leave the nails 
protruding slightly until 
after you check that the 
door operates normally. 
This way, you can adjust 
the fit of the weatherstrip, 
if necessary.

trade
secret
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Ventilation systems are important to a healthy, 

comfortable indoor environment. I strongly recom-

mend sealing a house as tightly as you reasonably 

can and installing a simple mechanical ventilation system to 

provide controlled air exchange. This system should include 

local spot ventilation in bathrooms and kitchens, as well as 

some type of automatic, full-time, whole-house ventilation. 

The whole-house ventilation may be easily and inexpensively 

integrated with bathroom exhaust fans or with a heating and 

cooling system. More comprehensive whole-house ventilation 

systems offer the most control of air exchange and filtration, but 

they are considerably more expensive. This chapter will outline 

the basic options for house ventilation systems and describe 

how they are installed. 444

Central  
Ventilation 
Systems
p. 58

Simple  
Ventilation 
Systems
p. 54

Do I Need a 
Ventilation 
System?
p. 52

Ventilation 
systems

3

2

1
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Do I Need a  
Ventilation System?
Why make a house tight, and then spend money 

to ventilate it? Doesn’t it make more sense to 

just leave it a little bit leaky? The short answer is, 

“No.” A leaky house experiences haphazard ven-

tilation that is often appropriate or inadequate. 

A good ventilation system, on the other hand, 

allows you to control the introduction of fresh 

air into a home.

Fresh-air ventilation can help dilute pollutants 

in the home, manage moisture, and improve air 

quality. It is not something you install to com-

pensate for a tight house. It should be installed in 

every house, and the house must be tight—that 

is, properly air-sealed—before ventilation can 

work properly. A tight building enclosure is an 

essential part of a ventilation system; without it, 

you don’t have adequate control over the air-

exchange rate.

In hot, humid climates, 
ventilating a house with 
outdoor air actually intro-
duces moisture. Although 
fresh-air ventilation is 
still important, including 
spot-ventilation in the 
kitchen and bathrooms, 
whole-house ventilation 
rates should be lower. 
It is also important to 
supplement ventilation 
with adequate dehumidi-
fication, through 
air-conditioning and/or 
a dehumidifier.

whatcan
gowrong

A whole-house fan, 
typically installed to 
exhaust a large volume 
of air into the attic, is 
often effective at offset-
ting air-conditioning 
needs in the summer, but 
it is too large to provide 
a continuous background 
source of fresh air.

INDETAIL
Interior moisture problems, such as excessive 
window condensation, mildew growth, or peel-
ing paint, may indicate that you need a fresh-
air ventilation system.

The nameplate sticker shows a fan’s airflow 
rating in cubic feet per minute (CFM) and its 
sound level in sones. The Home Ventilating 
Institute (HVI) maintains a directory of all 
listed products along with their ratings (see 
www.hvi.org).
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“A house has to breathe...”
One of the wonderful qualities of the human 

respiratory system is that its level of activity 

adjusts to your needs. When you are active, you 

breathe quickly to increase the incoming oxygen 

flow; when you are at rest, your breathing slows. 

If a ventilation system acts as the “lungs” of a 

house, then it too needs to be capable of adjust-

ing its airflow rate, depending on your family’s 

ventilation needs. A good fresh-air ventilation 

system allows you to change the ventilation 

schedule, or vary the rate of airflow, so that you 

can add extra ventilation when the house is 

full of people or turn it off completely when 

nobody is home.

As for operating costs, in most climates a very 

tight home with the right amount of mechani-

cal ventilation is less expensive to operate than a 

leaky house. If you leave ventilation to random 

air leaks, you get too much airflow when it’s 

cold and windy outside (and heating the air 

costs more) and not enough when the weather 

is mild. With a tight house, overventilation in 

extreme weather is eliminated; adding controlled 

ventilation allows you to adjust the air-exchange 

rate properly for a range of outdoor condi-

tions. But ventilation won’t solve every moisture 

problem: Fixing or controlling moisture sources, 

such as an exposed earth floor in a crawlspace 

or improperly vented combustion equipment, is 

also essential.

Ventilation systems typically provide better 

indoor air quality, while reducing the need for 

building maintenance. Some of the indications 

that you may need ventilation include mold, 

mildew, attic moisture, or window condensa-

tion in winter. A stuffy-smelling house, cooking 

odors that linger for hours, and chronically peel-

ing paint may also indicate poor ventilation.

Types of ventilation systems
A well-designed ventilation strategy for a house 

includes both whole-house and local exhaust 

ventilation. A whole-house ventilation system 

is designed to provide a minimum amount of 

fresh outdoor air to the living space year-round. 

Code requirements for 
bathroom ventilation 
are usually satisfied by 
an operable window, 
but most people don’t 
like to open bathroom 
windows in the winter. 
Despite the code, every 
bathroom should have 
an exhaust fan of at least 
50 CFM. Range hoods 
are also highly recom-
mended to reduce cook-
ing moisture and odors. 
Codes generally require 
installed range hoods to 
be rated at a minimum of 
100 CFM. Bathroom and 
kitchen fans should vent 
directly outdoors.

ACCORDING
TO CODE

Kitchen exhaust hoods 
are more effective at 
a lower airflow than 
the popular downdraft 
exhausts are. Due to the 
grease and fire hazard, 
make sure the equipment 
and ductwork is rated for 
range applications.

Several manufacturers make bathroom fans 
that are quiet and efficient. This Panasonic 
WhisperGreen® is almost silent, and uses less 
than 10 watts. Options include automatic low-
speed controls and motion sensor.

Don’t attempt to do the wiring for 
a new fan or controller unless you 
understand the safety and code 
requirements, and always turn off 
the appropriate circuit breakers 
before working on electrical circuits. 
This part of the job is best left to an 
electrician.

S A F E T Y  F I R S T
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tion (HRV or ERV) systems, which are more 

complex, more expensive, and (sometimes) more 

effective.

Simple 
Ventilation Systems

The simplest type of whole-house ventila-

tion system is an exhaust-only, or supply-only, 

A whole-house system runs either full-time at 

an adjustable rate or on a schedule that you set 

according to your needs. With the right controls, 

you can use a simple bathroom fan or a return-

air duct in your HVAC air handler to provide 

whole-house ventilation. The installation for 

these simple, inexpensive systems is covered on 

pp. 55–59. Other types of whole-house ventila-

tion systems include fully ducted central exhaust 

systems and heat- or energy-recovery ventila-

To improve air quality, 
source reduction should 
always precede
ventilation.

PROTIP

If you can vent an 
exhaust fan horizontally 
through a wall, a stan-
dard 4-in. or 6-in. exhaust 
hood with a flapper will 
work fine. However, to 
avoid long duct runs that 
drastically reduce airflow, 
it’s sometimes neces-
sary to vent it vertically 
through the roof. In that 
case, you’ll need a roof 
jack, as shown below. Be 
sure to follow the instal-
lation instructions care-
fully and make sure that 
the flashing tucks under 
the roofing shingles to 
avoid leaks.

INDETAIL
Ventilation Ductwork
Small home ventilation fans are rated for 
airflow assuming a standard amount of 
duct pressure. You may think that as long 
as a fan can blow air into a duct, air must 
come out at the other end. But if there’s 
too much friction—caused by rough inner 
surfaces, too many elbows and bends, or a 
run that is too long—the fan will just spin in 
place, and little or no air will move.

What to do? First, stay away from flex 
duct. Flex duct is cheap, fast, and easy to 
use, and it fits easily in tight spaces. But 
there’s a heavy price for convenience: All 
the coils and rough surfaces add resistance 
and slow the airflow.

Instead, use smooth, rigid-metal ducts 
whenever possible. Plan your ducts to keep 
the runs short, and keep the elbows and fit-
tings to a minimum. For a complex, central 
ventilation system, I recommend hiring an 
HVAC contractor who knows how to design 
ductwork for proper airflow, using the 
“equivalent length” method.

Rigid-metal ducts reduce fric-
tion to give you the maximum 
performance from your fan.

A contorted, vinyl flex hose is fairly 
typical. Not only do installations like 
this one fail to provide the required 
airflow, but low spots can trap water 
in cold weather or even fill with 
ice. Flexible aluminum is not much 
better; use smooth, rigid metal (or 
PVC pipe) whenever possible.
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See the chart above to get at least the minimum 

airflow you need to plan for your whole-house 

system. In most cases, a 50-CFM to 100-CFM 

fan will do nicely. You will then add a control  

to reduce it to the average ventilation you need 

by running the fan on low speed, or part-time, 

or both.

Note that exhaust airflow from a bathroom 

can do double duty: run continuously to provide 

whole-house ventilation, and also to provide the 

local exhaust for the bathroom. The flow has to 

be sized to the larger of the two CFM require-

ments, (not the sum.)

To do its job properly, a fan must be vented 

to the outside and have a duct run that is as 

short and direct as possible. If you can’t reach an 

exterior wall or gable end within about 10 ft., 

you may be able to put in an elbow and vent it 

straight up to a roof jack. Always use rigid-metal 

duct (4-in. or 6-in. dia.); if the duct runs through 

an attic or other unheated space, be sure to insu-

late it with vinyl-covered duct wrap.

If you don’t have access to add or replace a 

bathroom fan, another option is to install a wall-

mounted fan. Several models are available for 

ventilation fan. An exhaust-only system draws 

outdoor air inside through small cracks and gaps 

that already exist, even in a tightly sealed house. I 

have seen it used successfully in hundreds of new 

homes—some of which are very tight—as well 

as retrofitted to solve moisture problems.

Bath-fan system
Every bathroom should have a working exhaust 

fan. To designate one as the whole-house system, 

first choose a bathroom—the one that is either 

most used or most centrally located—in which to 

set up a controlled fan. You may have an exhaust 

fan already, but it’s unlikely that it will meet 

the requirements: It must be quiet, energy effi-

cient, and rated for continuous operation at the 

required airflow. If you need to replace an existing 

fan, choose a bathroom with an accessible attic 

area above (or an exterior wall you can use).

Most fans are rated for noise and airflow by 

the Home Ventilating Institute. Noise is rated 

in sones—the higher the sone rating, the more 

noise it makes. I think that fans with sone ratings 

of greater than 1 are too noisy for this applica-

tion; if you can, choose a fan rated at 0.5 or less. 

Whole-House Ventilation Sizing
Background ventilation fans sized to meet these airflow rates will 
meet Standard 62.2, the ANSI/ASHRAE standard for ventilation in 
homes. The standard also provides an alternate calculation: 
(7.5 × [number of bedrooms + 1]) + (0.01 × house square feet) 

Floor area # of bedrooms

0-1 4-5

<1,500 30 60

1, 501-3,000 45 75

3,001-4,500 60 90

4,501-6,000 75 105

Minimum ventilation fan ratings in CFM

2-3

45

60

75

90

6-7

75

90

105

120

Some ventilation 
experts have suggested 
the use of fresh-air inlets, 
which are essentially 
intentional holes in the 
building enclosure. 
However, research (and 
experience) has shown 
that these inlets often 
don’t work as intended—
air is just as likely to go 
out as to come in. Save 
your money: These inlets 
are really not necessary 
in any but the very tight-
est single-story houses.

trade
secret

Regardless of the type 
of ventilation system, 
start by setting the con-
trol to run it half-time (or 
half-speed), then adjust 
as necessary.

protip
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Ventilation controls
To be considered a whole-house ventilation 

system, the fan must be capable of running on 

a regular schedule or continuously, if necessary. 

There are many devices available that can con-

trol fan speed, operating times, or both. When 

through-wall mounting that are quiet and use 

very little power. It should cost between $200 

and $350 for the necessary parts (including fan, 

ductwork, and controls).

One drawback of the 
simple exhaust ventila-
tion system is that there 
is no control over where 
the make-up air comes 
from. Although it is gen-
erally dispersed through-
out a building, make-up 
air may pass through 
leaks in basements, 
garages, or other places 
with pollutant sources. 
Remember: Source 
reduction is the first step 
toward improving indoor 
air quality.

WHATCAN
GOWRONG

Controls for Simple 
Ventilation Systems
Either of the switches shown in the left 
photo below is better than a regular 
switch, because it can run the fan for 20 or 
30 minutes after you leave the bathroom 
and exhaust all the moisture after taking a 
shower. 

A 24-hour timer provides flexibility and 
is easy to set and adjust (center, photo at 
right below). It controls the background air 
exchange—you need a separate switch to 
override the program, so that the fan can 
be turned on whenever it’s needed. This 
system does need more wiring; I recom-
mend locating the dial timer where you 
can reach it easily but do not have to look 
at it every day.

The Airetrak (left, photo at right below) 
is a good alternative when you want to 

replace an existing wall switch but don’t 
want to add new wiring box for a timer. This 
unit can be set at varying fan speeds and/or 
hourly timed settings. The button overrides 
the program and runs the fan for 20 min-
utes, then automatically goes back to the 
program. This unit runs the same program 
every hour, making it less flexible than the 
24-hour timer.

An Airetrak 62.2 control by Tamarack 
(right side, photo below) provides continu-
ous, low-speed operation (wired in parallel 
with a regular or fan-delay switch to provide 
full speed boost). At $30, it’s probably the 
cheapest route of all, but once you pick the 
color (low-speed setting, based on your fan 
model and desired whole-house CFM) it’s 
not adjustable.

Left: The Airetrak is a special timer that 
includes time delay, fan speed, intermit-
tent run times, and even an LCD clock; 
push buttons operate the fan alone, or the 
fan along with a light. Center: A 24-hour 
dial timer fits in a single-gang box and 
allows on and off times in 20-minute incre-
ments. Right: Choose one of these nifty 
controls to set your low-speed continuous 
ventilation rate. 

The fan delay timer switch at left 
turns on a bath fan when you switch 
it on, but when you switch it off the 
fan runs for a preset time that can be 
adjusted from 1 to 60 minutes. It can 
also turn a light on and off without 
the delay. The windup timer at right 
is simpler, allowing you to select the 
shutoff delay when you activate the 
fan. Both models ensure good mois-
ture removal. 



­57s i m p l e  v e n t i l a t i o n  s y s t e m s

fan stays on high for the preset time delay before 

returning to its low-speed program.

For total flexibility in ventilation scheduling, 

you can use a 24-hour dial timer. I often install 

such a timer in a laundry area, utility room, 

basement stairwell, or near the electrical panel—

somewhere convenient and accessible but not 

that visible. It’s inexpensive, but it needs wiring. 

You will still need a standard switch or a delay 

timer in the bathroom as an override (see the 

sidebar on the facing page).

Return-air system
If you have a ducted central-air system for heat-

ing and cooling, another inexpensive (between 

$200 to $300 for parts) ventilation option is a 

supply-only system ducted through the furnace 

or air conditioner’s air handler. This system pulls 

in fresh outdoor air whenever the air handler 

runs and distributes it throughout the house. It is 

a “supply-only” system because the air is coming 

directly from outside (there is no fan blowing air 

out at the same time to balance the flow).

Although a simple version of this system is 

common in some parts of the United States, 

most installations lack three important ele-

ments. First, a motorized damper is essential on 

the fresh-air-inlet duct—preferably where the 

duct enters the house. This prevents air from 

coming in through the duct when ventilation is 

not needed. Next, a timer is necessary to ensure 

that the air handler runs regularly, ventilating the 

house if there is no call for heating or cooling. 

This ensures a minimum ventilation rate year-

round. There are a couple of products that can 

handle this function (see the photos on 

p. 58). Finally, insect screening at the inlet hood 

is important, and it must be kept clean. With a 

return-air fresh-air system, it is also important 

to locate the outdoor-air inlet far from potential 

you’re choosing a controller for your ventilation 

fan, check with your supplier to make sure that 

the controls are compatible with the fan you 

are using. Regardless of the control you choose, 

I recommend first setting the fan to run about 

half the time (or half-speed), at least during the 

hours people are regularly home. Then you can 

adjust it to run more or less, as needed.

I often use controls made by Tamarack 

Technologies; they have several products that can 

replace or add to existing wall switches to con-

trol the fan speed, intermittent operation, and 

provide a full-speed boost for a specified time 

when the user presses a button. Some Panasonic 

WhisperGreen fans (see the left photo on p. 53) 

offer the ultimate in simplicity: optional controls 

built into the fan itself. Set the low-speed ven-

tilation rate in CFM and the delay in minutes 

from 0.5 min. to 60 min.—and hook it to a reg-

ular wall switch. When you turn the switch on, it 

goes into high speed. When you switch it off, the 

One common type of central exhaust fan is 
the in-line fan, like this one made by Fantech. 
These fans can be sized to exhaust several 
bathrooms, and they may be mounted in the 
attic or basement for quiet operation and easy 
service. Note that the attic-mounted, rigid-
metal ductwork and fan are fully insulated to 
prevent interior condensation.

I’ve tested a lot of 
ventilation systems—
central exhaust only and 
HRV—that have low or 
poorly balanced airflows. 
If you install (or have 
installed) a central venti-
lation system, make sure 
the ducts are designed 
for adequate airflow from 
all registers. One critical 
element is an adjustable 
damper in every branch 
duct. After the system 
is in, it’s a good idea 
to have it checked by a 
professional with a flow 
hood or an anemometer 
to make sure the ducts 
are adequate and the 
system is balanced.

whatcan
gowrong

This flow hood is one 
way to accurately mea-
sure the airflow at all the 
registers of your ventila-
tion system.
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$50 and $150 per year. This type of system is best 

suited to a new HVAC installation with a high-

efficiency furnace fan and a right-sized HVAC 

system that will run more hours at lower speeds 

to provide heat and cooling. This system also has 

two major advantages: First, fresh air is drawn 

from a known place and can be filtered. Second, 

unlike a bath-fan system, it circulates fresh air 

throughout the house.

Central 
Ventilation Systems
In addition to the simple ventilation systems 

mentioned previously, central-fan ventilation 

systems can be set up to provide fresh air to 

bedrooms and living areas, to exhaust stale air 

from bathrooms and kitchens, or both. These 

systems may be more effective at getting fresh air 

sources of pollution, such as a dryer, a combustion-

appliance vent, the garage, or the driveway.

If your house has an existing forced-air system, 

a return-air system may offer better overall venti-

lation than a bath-fan system, though it will cost 

more to operate. For example, a 15-watt bath 

fan running 100 percent of the time may cost 

less than $20 per year in electricity; a furnace fan 

running a third of the time may cost between 

Although some 
installers claim that one 
big HRV or ERV will solve 
all your ventilation 
needs, even a large unit 
may not adequately 
remove moisture from 
bathrooms if the exhaust 
ducts run to many loca-
tions. In my experience, 
it’s better to use a smaller 
unit: Size the system 
between 50 CFM and
100 CFM above the 
whole-house requirement 
to have a margin of safety 
for flexibility. Then 
install separate fans for 
removing steam from the 
bathrooms.

WHATCAN
GOWRONG

Don’t install HRV exhaust ducts 
above a kitchen range. Instead, 
choose a separate range hood that is 
rated for the high temperatures and 
grease produced by cooking, which 
will help you avoid a fire hazard and 
a warranty problem.

S A F E T Y  F I R S T

The AirCycler® FR-V can run a 
central air-handler fan for venti-
lation, when it’s not already being 
used for heating or cooling, at an 
adjustable interval each hour. It 
can also control a 24-volt motor-
ized damper. Information on this 
and other similar products, includ-
ing models that are integrated 
with a thermostat, is available at 
www.fancycler.com.

A motorized damper (right) by DuroDyne® is an essential 
component of any return-air ventilation system. It can be 
controlled by a FanCycler control (see photo at left), or 
by DuroDyne’s AQC-1 Air Quality Control Center (above 
left). The DuroDyne control doesn’t keep track of thermo-
stat calls, but the 24-hour timer allows flexible ventilation 
schedules.
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cost in materials for central exhaust systems 

ranges from $300 to over $600.

Ideally, the system should be sized to provide 

50 CFM for each bathroom, or 50 CFM to 

100 CFM more than the minimum whole-

house requirement, whichever is larger (see the 

table on p. 55). A variable-speed control or timer 

sets the whole-house ventilation rate.

Central-exhaust systems typically are designed 

to draw air from bathrooms, the kitchen (but 

not from over the range), the laundry room, 

and other areas that have moisture or stale air. 

Usually, they are run at a low speed with a  

variable-speed control for continuous whole-

house ventilation. An override switch or windup 

timer is usually placed in each bathroom for a 

temporary full-speed boost.

One disadvantage of a central-exhaust system 

is the greater electricity cost compared to that 

of a single high-efficiency bathroom fan. Also, if 

into the house than the single-point exhaust or 

supply-only air systems mentioned earlier, but 

they require quite a bit more ductwork, they are 

more expensive to install, and they are more dif-

ficult to retrofit in an existing home.

Central-exhaust/Supply-only 
systems
Central-exhaust systems are more common than 

central supply-only systems. They use a central 

fan, typically located in a basement or an attic, 

to exhaust air from several points in the home at 

the same time. These systems can be mounted in 

an accessible basement or attic to provide easy 

access for repair or replacement (see the photo 

on p. 50). If properly mounted, central systems 

can also be quieter than locally mounted exhaust 

fans, but that requires care to install vibration 

dampers on the central fan and ductwork. The 

Depending on the 
unit, run time, climate, 
and fuel costs, HRV and 
ERV systems can save 
between $100 to $300  
per year.

protip

Supply 
register

Supply 
register

Return 
register

Motorized 
damper

Fresh-air-
inlet hood

Timer/
controller

Furnace
6-in. 
insulated 
air-inlet duct

Return-Air 
Ventilation System
This simple ventilation system draws 
outdoor air through a screened inlet, 
mixes it with house air, and sends it 
to the furnace, where it is distributed 
throughout the house. The motorized 
damper and the fan controller are 
essential for managing the ventilation 
rate. The inlet duct should be made 
of sheet metal and be as short and 
direct as possible. It should enter 
the return duct as close as possible 
to the furnace, but not between the 
furnace and the furnace filter.

Return-Air Ventilation System

This supply-only ventilation system 
draws outdoor air through a screened 
inlet, mixes it with house air, and sends 
it to the furnace, where it is distributed 
throughout the house. The motorized 
damper and the fan controller are essen-
tial for managing the ventilation rate. The 
inlet duct should be made of sheet metal 
and be as short and direct as possible. It 
should enter the return duct as close as 
possible to the furnace, but not between 
the furnace and the furnace filter.
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to indoor air than outdoor air. The stale and 

fresh air streams don’t mix, but move in paral-

lel through a series of passages that provide a lot 

of surface area for heat exchange. This way, the 

systems can recapture 65 percent to 80 percent 

of the heat from the outgoing airstream, saving 

energy and aiding comfort.

There are two kinds of heat-recovery systems: 

heat-recovery ventilation and energy-recovery 

ventilation. HRVs are most efficient in cold 

weather. ERVs transfer not only heat but also 

humidity, using a special heat-exchanger wheel or 

core. This humidity exchange improves efficiency 

during the summer in humid climates, because it 

saves on the dehumidification load that outdoor 

air adds. This saves more energy. But be aware that 

ERVs do not dehumidify the air—they only help 

to preserve dehumidification, reducting latent 

cooling loads.

HRV and ERV systems are much more 

expensive than the simple systems outlined 

previously; they typically range from $1,500 to 

$4,000 installed (including labor). One would 

think that the premium price for an HRV or 

ERV would easily be paid for by energy sav-

it draws air from too many locations, it may not 

provide effective local exhaust for bathrooms in 

boost mode.

Central supply-only systems use a fan and 

ductwork much like central-exhaust systems, 

but they bring fresh air from a known outdoor 

location and deliver it to the living space and 

bedrooms. This has a clear advantage, because 

incoming fresh air is filtered and delivered by 

ducts throughout the living space. However, in 

cold weather the fresh air can create uncom-

fortable drafts, so the ducts must be placed very 

carefully. Also, separate spot-exhaust ventilation 

fans are still needed, increasing the cost of the 

entire system.

Heat- or energy-recovery 
systems
If you want a top-shelf ventilation system, you 

should consider one of the heat-recovery sys-

tems. These systems pull exhaust air from bath-

rooms and kitchen and run it through a heat 

exchanger to pre-heat (or pre-cool) incoming 

fresh air. This fresh air is then delivered to living 

areas and bedrooms, at a temperature closer 

This view inside a 
heat-recovery 

system shows the 
diamond-shaped 

heat-exchanger core.
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ings, but the savings are usually not that large. 

Any unbalanced (exhaust-only or supply-only) 

system actually acts like a 50-percent efficient 

heat-recovery system, except in the very tightest 

of houses. This is because during severe cold or 

hot weather (when it costs the most to heat or 

cool the air), about half the make-up air for the 

fan is air that would have leaked into the house 

anyway. In fact, research has found that in a hot, 

humid climate, a simple, inexpensive return-air 

system combined with an efficient, stand-alone 

dehumidifier is less expensive to buy and oper-

ate, and does a better job managing humidity, 

than an ERV with a standard air-conditioning 

system.

Heat- or Energy-Recovery Ventilation

A heat-recovery system uses the heat from the exhaust airstream to preheat 
incoming fresh air. The fresh air is ducted either directly to living areas or to the 
return plenum of a furnace air handler for distribution throughout the house. In 
hot weather, the exhaust airstream precools incoming fresh air.

 (typically 3 to 5 locations)

BRUCE:  I think the best way to resolve your problem with
the perspective would be to eliminate the roof and side
3D areas altogether.  Anything else (like showing the walls
and �oors as 3D) would open up a whole new can of worms.
We would then have to show the wall top & bottom plates, 
the Heat-exchanger core and the ducts in 3D, and in di�erent
locations front-to-back - all that would complicate the 
drawing. -  MARIO

 

 

 

Fresh air to living space Stale exhaust air from 
bath and kitchen areas

Time controller

Warm exhaust 
airstream preheats 
incoming fresh air

Insulated 
air-inlet duct Fresh-air

inlet hood

Stale-air 
exhaust 
hood

12-ft. 
minimum 
horizontal 
separation 
between inlet 
and exhaust

Heat- 
exchanger 
core

Insulated 
exhaust-air 
duct 
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Insulating  
Foundation Walls
p. 89

Insulating Floors
p. 85

Insulating Walls
p. 79

Sloped  
Ceilings
p. 72

Attic  
Insulation
p. 64

From the attic to the basement, insulation is like 

a down jacket around your house that keeps you 

warm in the winter (and, like a thermos, cool in the 

summer). In many houses, it is probably easier to insulate than 

it is to seal air leaks, though it’s a big job if you need to insulate 

exterior walls. Attics are relatively easy to insulate, and most 

houses can benefit from some added insulation.

Regardless of the age of your house, don’t be fooled just 

because there’s some insulation in the attic—even if it looks like 

a lot. Some homes have a thin layer that does little good; others 

have insulation that was installed in only the areas that were 

easy to reach. Even newer homes that have a lot of insulation 

can still have significant gaps and installation problems that are 

worth fixing—by someone who cares enough about the details to 

do it right. 444

insulating 
a house 

5

4

3

2

1
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Attic Insulation
Attics are typically insulated first, and they usu-

ally receive the most insulation. People usually 

assume that attics are insulated because “heat 

rises,” but, as I have pointed out (see pp. 6–7), 

heat doesn’t actually rise at all. The reason attics 

tend to get more insulation is much less glamor-

ous: The attic is simply the cheapest and easiest 

place to add insulation, in both old and new 

houses. In fact, in a moderately insulated two-

story house, there may be two to four times as 

much conductive heat loss (not including air 

leakage or windows) through the exterior walls 

as through the attic.

True to tradition, we’ll start with attic insula-

tion because it’s the easiest job. Hopefully, you 

have already finished air-sealing up there. If 

not, do it before you insulate, unless you plan 

Radiant barriers are 
not magic. They can 
reduce cooling loads, but 
are difficult to retrofit. It’s 
much more important to 
insulate and seal attics 
and attic ducts.

protip

If there’s no access into the attic, you can cut an opening for a roof vent. Climb in and insulate, 
then install the vent to cover the hole.

to insulate with sprayed foam and complete the 

air sealing at the same time. Also, if you intend 

to vent a bath fan, install a ventilation system, 

change any electrical wiring, or do any other 

work in the attic, now is the time.

How much insulation?
Insulation is measured in R-value; the higher 

the R-value, the less heat loss. To some extent, 

there is an effect of diminishing returns in that 

the first 6 in. of insulation will save you more 

money than the next 6 in. But it doesn’t pay 

to skimp, either. Once you’re up in the attic 

installing insulation, you may as well do it right. 

Generally, the minimum recommended R-value 

for an attic is R-38 (see the chart on p. 179). 

In cold northern climates, I aim for between 

R-50 and R-60; in hot climates, R-30 may be 

adequate.

If you want to add 
attic venting (or your 
local building inspector 
requires it), here’s how: 
Calculate the square 
footage of your attic or 
roof space, then divide it 
by 300 to get the required 
“net-free vent area.” For 
example, if your attic is 
1,200 sq. ft., you need 4 sq. 
ft. of net-free vent area. 
Most manufacturers spec-
ify the net area for their 
vents, but if you can’t find 
that information, assume 
that it’s half of the over-
all vent area (because of 
the screen and louvers). 
Thus, a 12-in.-by-18-in. 
gable vent, which is 
11⁄2 gross sq. ft., has about 
3⁄4 sq. ft. net-free vent 
area. Don’t even bother 
with the small round 
“pop” vents—they aren’t 
really effective.

INDETAIL
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Estimating how many fiberglass batts to buy 

for a job is pretty easy, because each roll or 

bundle is marked for the number of square feet 

it covers. Blown-in materials like cellulose are 

a little trickier—you need to consult the tables 

found on the bags of material. Always go by the 

bag count, not the inches of thickness, to figure 

the amount of material and the actual R-value 

you’re adding to your attic.

Prepping for insulation

Many building codes require attic venting. 

Building scientists generally agree that attic vents 

are less important than air sealing and indoor 

humidity control, but they are still an important 

backup. If your attic doesn’t have any venting, 

try to put 50 percent to 80 percent of the total 

required vent area up high—at the ridge or 

Powered attic fans are 
sometimes installed 
to try to keep the attic 
cool in summer. Usually 
they just amplify any air 
leaks between the house 
and attic and increase 
cooling loads. If you 
have one, shut it off and 
focus on insulating and 
sealing leaks.

protip

R-Values of Insulation Materials
Different materials have different R-values per inch. To find out how much R-value your insulation materials have, 
multiply the values in the table by the average number of inches of material. Notice that insulation performance 
degrades significantly with the gaps and compression found in a typical installation, especially with batts. To 
obtain fiberglass’s high-density value, it must be installed perfectly, “by the book.”

 Category	       Insulation Type	      Description (typical)	     Approximate 
			      R-value
			       per in.
			    thickness 

Loose, chopped fiberglass 
or rock wool
Vermiculite (obsolete)*
Cellulose

Yellow, white, pink, or green clumps of 
chopped fibers
Grey or brown metallic granules
Grey or tan shredded newspaper, 
fluffy and/or “dusty”

Typical installation

e) Sides

Loose-Fill 
Insulation

Fiberglass 
Batts

Spray-in-Place
Foams

2 @ 12 in. x 40 in. = 7 sq. ft.

Urea-formaldehyde (obsolete)*

Open-cell spray polyurethane 
foam (approx. 1⁄2 lb. per cu. ft. 
density)
Closed-cell spray polyurethane 
foam (approx. 1⁄2 lb. per cu. ft. 
density)

Rigid Foam
Board

Expanded polystyrene
Extruded polystyrene

Isocyanurate “hi-R” board

*Potential safety concerns: See Hazards of Insulation Material on p. 68 for more details.

Pink, yellow, or green “blanket,” 
installed with gaps and compression
Pink, yellow, or green “blanket,” 
installed perfectly
Stiffer, denser batts installed perfectly

White “beadboard”
Uniform blue, green, or pink “board” 
insulation
Stiff yellow or tan foam with foil facing

Yellow or gray-white, brittle, dusty 
foam; breaks easily
Yellow, green, or white, soft foam

Yellow, green, or other color, tough 
foam

Installation “by the book”

High-density batts

1.8

2.4
3.3

1.8

3.2

3.8–4.3

4
5

6

3–4

3.4

6

Don’t assume that attic 
insulation is optional 
just because you live in a 
warm climate. Attic and 
roof spaces heat up sig-
nificantly in the sun and 
transfer heat to the living 
space below; insula-
tion helps slow this heat 
transfer and reduce cool-
ing loads.

whatcan
gowrong
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sheathing. The most common approach is to 

use standard foam or plastic ventilation chutes 

held in place with a wad of fiberglass. Make sure 

the fiberglass extends to the outside edge of the 

top plate so that you can get as much insulation 

as possible in that vulnerable area. Cardboard 

baffles also work well. The top of the baffle 

should be several inches above the height of the 

planned insulation, at a minimum.

In addition to the eaves-area prep, flag each 

electrical junction box with a piece of ribbon or 

caution tape stapled to a rafter above and hang-

ing down to identify it once it’s buried. Make 

sure that every electrical box has a proper cover 

on it and that the wires are properly clamped.

gable, or using roof vents. The remainder should 

be down low, usually in the soffit.

In general, I avoid adding cheap aluminum 

ridge vents and 16-in. aluminum soffit louvers 

because they are ugly; continuous ridge or soffit 

vents that are installed during a reroofing or 

soffit replacement job tend to look much better. 

Roof vents placed near the peak on the rear of 

the house are inconspicuous, and they can even 

provide access to attics that have no other means 

of entry.

Whether or not you install attic venting, 

take some time baffling the eaves area before 

installing insulation. It’s important to allow an 

air space between the insulation and the roof 

Most codes require 
passive attic venting to 
reduce condensation, but 
building scientists have 
found that a combination 
of air-sealing and indoor 
humidity control is the 
most important measure 
for preventing moisture 
damage. Attic venting 
is good: It helps keep 
the roof dry. However, a 
well-vented attic without 
a good air barrier can be 
a thermal and moisture 
disaster. So install roof 
venting as well as you 
can, but always concen-
trate on air-sealing the 
attic first.

ACCORDING
TO CODE

When insulating an 
attic, always wear a dust 
mask or respirator, as 
well as protective 
clothing.

PROTIP

Estimating Cellulose
To determine how much insulation you 
need, measure the approximate thickness 
of any existing insulation, then multiply that 
by its R-value per inch (see the chart on
p. 65). For example, if you already have 4 in. 
of blown-in fiberglass, you have an existing 
R-value of about 7. To reach R-50, you need 
to add R-43; 43 ÷ 3.3 = approximately 13 in. 
of cellulose.

Cellulose is usually packaged in 12-lb. 
or 25-lb. bags. After determining your target 
R-value, measure the square footage of the 
area you wish to cover. Each manufacturer 
provides information on the bag describing 
how much insulation to use for a desired 
R-value. In some cases, that information 
may be indicated by the number of square 
feet that a bag covers at a given R-value, 
in which case you just need to divide your 
total square feet by that number to pur-
chase the correct number of bags.

Don’t worry about cellulose losing 
R-value over time as it settles. For one 
thing, settled material is denser and has 
a higher R-value per inch, so settling gen-
erally does not decrease the insulation’s 

The chart printed on this cellulose bag 
shows how many bags of material are 
needed per 1,000 sq. ft. for a range of 
desired R-values.

performance. Second, most settling tends 
to occur in the first year or two after installa-
tion, and—unlike corn flakes in a box—once 
the material has reached its settled density, 
it cannot settle further unless it’s physically 
compressed. The amount of air running 
through the hose with the material does 
have a big effect on its initial thickness, so 
pay more attention to the bag count than 
the depth of the installed cellulose, whether 
you are doing the job yourself or hiring a 
contractor.
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You will need to find a way to keep blown 

insulation at least 3 in. away from chimneys 

(I typically use fiberglass batts; see photo p. 70 

left); and don’t cover combustion air intakes 

or recessed light fixtures that are not IC rated. 

Whatever you do, don’t insulate over active 

knob-and-tube wiring. In some cases, this older 

type of wiring will already be deactivated; if 

you’re not sure, you’ll need to hire an electrician 

to check it for you.

Fiberglass attic insulation
I generally prefer to use cellulose insulation 

wherever possible, but if you have trouble find-

ing a machine, or if you have only a small area 

to insulate, fiberglass may be the best choice. If 

there is little or no insulation between the ceil-

ing joists, start by installing a batt that will come 

up at least to the top of the joists. Use unfaced 

batts in the attic and make sure you buy batts 

that are the same width as the spacing of the 

ceiling joists.

There are three important things to be aware 

of when installing fiberglass. First, a new bundle 

Poorly installed 
fiberglass batts, like 
the ones shown below 
(and on p. 182, upper 
left), can lead to serious 
performance problems. 
Research and experi-
ence have shown that 
gaps between batts may 
reduce the rated R-value 
up to 50%, depending on 
the thickness of the batt, 
the size and number of 
the gaps, and the dif-
ference in temperature 
between indoors and out.

whatcan
gowrong

At some point, batts were 
added to the original insu-
lation with the vapor bar-
rier facing the wrong way. 
Blowing at least 14 in. of 
cellulose on top will add 
adequate insulation, ensur-
ing that the vapor barrier 
stays warm enough to avoid 
condensation.

Standard foam vent chutes can be held in place with fiberglass batts and pushed in tightly to 
cut down on wind washing.

If you have an older house with knob-and-
tube wiring that looks something like this, 
the wiring must be replaced in the attic or 
wall areas you intend to insulate. To make 
sure there’s no active knob-and-tube wiring 
hidden in wall cavities, you may want to hire 
an electrician to verify that it’s inactive.
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Choose the first layer of batts so the top of 

the insulation is up to—or slightly above—joist 

level. Then install a second layer on top, at right 

angles to the first layer (the second layer may 

be 24 in. wide if you like; it installs faster than 

16-in. batts). Again, make sure each batt is fluffed 

to its full thickness, and lay each one snugly 

against the next.

Don’t be satisfied with 12-in.-thick batts laid 

in a single layer in between the joists: The gaps 

that are left between the batts will really reduce 

or roll of fiberglass is highly compressed, and it 

must be fluffed to the full thickness listed on the 

package. Second, it must be fit neatly between 

the joists and come in full contact with the ceil-

ing, with no compression, binding, or rounding 

of the corners. Finally, it must be cut neatly to fit 

around any obstructions, such as wiring, plumb-

ing, blocking in between the joists, or other 

objects. Anything that compromises the instal-

lation can have a disproportionate effect on the 

insulation’s performance.

Hazards of Insulation Materials
Some older insulation materials are hazardous, 
but few pose significant danger if they are iso-
lated from the living space—another argument 
for thorough air-sealing. Asbestos is clearly 
a hazardous material; even moderate levels 
of exposure can cause lung cancer and other 
diseases, and it should never be moved or dis-
turbed except by a properly licensed asbestos-
remediation contractor. Commonly found as 
insulation on pipes and ducts, asbestos is rare 
in attics. However, vermiculite insulation, some-
times added as insulation in attics and walls in 
the 1960s, 1970s, and 1980s, may contain traces 
of asbestos. When I find vermiculite, I leave it 
in place. Insulating over it is fine, but definitely 
wear a HEPA respirator, which I recommend for 
anyone working in any attic. (See www.epa.gov/
asbestos/pubs/verm.html for more on vermicu-
lite insulation in the home.)

Urea-formaldehyde foam insulation (UFFI) is 
a spray foam that was retrofitted in houses prior 
to 1980. This material was banned because of 
potentially toxic formaldehyde gas emissions, 
but gas emissions fade with time, so any UFFI 
that is still around should not be hazardous. If 
you find UFFI, be cautious, because it is likely 
to be fragile and may turn to a powdery dust if 
disturbed.

Modern insulation materials, including spray 
foams, fiberglass, and cellulose, are much safer 
but still involve some risk. Although fiberglass 

fibers are definitely an irritant to the 
skin, no increased risk of cancer has 
been found even at occupational 
exposures. Cellulose is a respiratory 
irritant, due to the fire-retardant chemi-
cal treatments, and produces lots of 
dust during installation, but it is not 
dangerous once it has been installed. 
Always take precautions to protect 
your skin and wear a respirator when 
working with insulation of any kind.

Vermiculite insulation is grainy, 
not fluffy or fibrous. Although some 
vermiculite contains asbestos, don’t 
try to remove it—there is more risk 
when disturbed than left in place.

If your roof is made 
with trusses, your best 
bet is to insulate with a 
loose-fill material, such 
as cellulose.

PROTIP

No matter which type 
of machine you use 
to blow cellulose, it’s 
important to break up 
the material as much as 
possible when pulling it 
out of the bag. This helps 
prevent clogging in the 
hose, which is frustrating 
and time-consuming. And 
for safety’s sake, never 
reach down into the hop-
per while the machine is 
running. The person han-
dling the machine should 
always unplug the power 
line if it’s necessary to 
clear a clog.

TRADE
SECRET
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the overall performance of your attic’s insulation. 

You may need to notch the batts at the edges 

near the rafters, or tuck in short pieces, to bring 

the insulation to its full thickness as close as pos-

sible to the roof sheathing and still leave a 1-in. 

space between the insulation and the sheathing.

Blowing attic insulation
If your roof is made with trusses, or the attic has 

flooring with little or no insulation under it, it’s 

hard to get good results with fiberglass. In those 

cases, your best bet is to use a loose-fill material, 

such as cellulose. One big advantage of blown cel-

lulose is that it is fast and easy to install. You don’t 

have to worry about cutting, fitting, fluffing, or 

most of the other details that concern fiberglass 

batts. You can also cover the top of existing insula-

tion with cellulose, which will settle into all the 

gaps and spaces between the batts. This improves 

what’s already there and adds R-value.

Fiberglass 
Batts
Fiberglass batts are typically the insulation of choice for 
do-it-yourselfers. The material is easy to transport and 
install by yourself. It’s ideal for an attic where you may 
want to add living space later (or make other changes), 
because it is easy to remove and replace. But there is a 
price to pay for convenience. In my experience, no matter 
how carefully you detail fiberglass batts, they rarely work 
as well as the factory ratings suggest. After three winters 
in the house I built, I pulled out the fiberglass insulation 
that I had carefully installed in the attic and replaced it with 
cellulose; the dramatic improvement surprised even me.

Because of the annoying, itchy quality of fiberglass, 
several manufacturers market encapsulated batts that are 
surrounded by plastic. Steer clear of these products; they 
are more of a marketing gimmick than a worthwhile inno-
vation. Encapsulated batts are more expensive and harder 
to install properly. Although the coverings may make the 
material more comfortable to work with, they also increase 
the difficulty of detailing the batts properly.

Tuck the first layer of batt insulation into each 
ceiling cavity as neatly as possible. These 
unfaced batts are being installed right over 
the existing 11⁄2-in. faced insulation. 

The second layer of insulation should 
be fluffed to its full thickness, laid 

across all the joists at right angles, and 
installed neatly and completely.
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Set up the blowing machine in a convenient 

place and snake the flexible hose and control 

cable into the attic. You may want to run them 

through a second-story window or an attic 

window, or temporarily remove an attic gable 

vent. Have an assistant ready, put on protective 

gear, and position yourself in one corner of the 

attic. Turn on the switch, and the material should 

start to flow within a few seconds. Start in one 

corner, allow the material to build to the thick-

ness you want, and then pull back the hose as 

you start to fill in the area.

The object is to get the insulation fairly even 

and avoid spraying too much into the air. You can 

turn off the switch occasionally to take a break, 

and then move yourself and the hose to another 

area. Use a tape measure occasionally to check the 

thickness of the insulation, and aim for about 2 in. 

more total depth than the actual depth you want 

to end up with (to allow for settling).

The biggest drawback with blown insulation is 

that you need a machine and a helper to install it. 

Many building-material suppliers that sell bagged 

cellulose will lend or rent a machine to anyone 

who buys the insulation from them. A local rental 

yard, or even a friendly local insulation contrac-

tor, may rent out a cellulose machine—but you’ll 

have to find the helper yourself.

When installing cellulose, you must do the 

same prep work as for fiberglass (see pp. 65–67). 

In addition, get enough fiberglass batts to make 

a dam around each chimney and recessed light 

to keep the cellulose away from them. With 

IC-rated recessed lights, I prefer to surround  

and cover them with fiberglass before installing 

the cellulose. With non-IC-rated fixtures, all 

insulation must be at least 3 in. away from the 

sides and no insulation may cover the top (see 

pp. 37–38). Also, make a dam around the attic 

hatch so cellulose doesn’t fall out when you 

open the door.

The flame-retardant 
chemicals used to treat 
cellulose tend to discour-
age insects and rodents 
from nesting in it.

protip

It’s important to keep cel-
lulose away from chimneys, 
recessed lights, and attic 
hatches. I like to make a dam 
with unfaced batts.

Keep the end of the hose low and pointed slightly down to 
reduce dust levels and keep the cellulose density high, espe-
cially near the eaves.
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don’t “paint” yourself into a corner—it’s not fun 

crawling through this stuff after it’s installed.

Storage areas
People often use attics for storage. I prefer to 

eliminate attic storage, if possible. There are 

plenty of good reasons to get rid of stuff (both 

thermal and psychological). Still, many homes 

lack storage space, and the attic is a natural place 

for those boxes of holiday decorations. If you 

have a partially or fully floored attic, you can 

set aside an area near the access hatch or stairs 

by making a dam out of 12-in.-thick fiberglass 

batts. Insulate the rest of the attic, making sure 

there is insulation under the floorboards as well. 

Once the dust has settled, you should be able 

When you are blowing near the eaves, push 

the end of the hose nearly all the way to the 

baffle, and fill the space between the rafters to 

the desired thickness. Pushing the hose out to 

the edge helps ensure that the cellulose will be 

packed tightly in this critical area. Slowly pull 

back the hose from the roof, being careful not to 

cover the upper end of the vent chute.

Start with five or six rafter bays at a time, 

then work your way across the attic toward the 

opposite eave, leaving space for yourself to get 

into the eaves area on the other side. Work your 

way back toward the attic hatch or access door, 

then start at the other end of the attic and work 

your way back toward the hatch. Make sure you 

Cellulose Blowing Machines
Cellulose machines range in size from a 
box slightly bigger than a milk crate with 
a hopper to a large truck-mounted rig. All 
of them have an agitator to break up the 
material and a blower to separate the fibers, 
mix them with air, and send them through 
a hose (imagine a vacuum cleaner hose, in 
reverse). Most machines have a cable with 
an on/off switch to allow for remote control 
from where the work is being done. Most 
also allow you to control the fiber-and-air 
mixture, either by adjusting a gate to control 
the rate of material fed through the hose or 
by adjusting an air inlet to introduce a vari-
able amount of air. For open-attic blowing, 
set it for more material and less air. The job 
will go faster, and the material won’t settle 
as much after you’re done.

Not all cellulose machines are created 
equal. The smaller machines are fine for 
open attics, though they are slower. But 
they lack the air pressure to dense-pack 
closed cavities. The key for doing that is to 
select a machine that can supply adequate 

air pressure, but the easiest thing to look for 
is a machine that requires at least two sepa-
rate electrical circuits (or a single 220-volt 
circuit) to run. If you plan to dense-pack cel-
lulose, stay away from a machine that can 
run off a single 15-amp or 20-amp, 110-volt 
circuit.

This medium-size cellulose blower is 
typical of the type of machine that you 
might rent or borrow from an insulation 
supplier.

If your attic is floored, 
you must fill the space 
under the flooring, unless 
that space has already 
been well insulated. With 
a plank floor, it’s much 
easier to rip up a row or 
two of boards along the 
length of the attic than 
to blow insulation under 
the floor with a fill tube. 
A plywood floor is more 
difficult. You can either 
rip up an entire row of 
plywood sheets or, if 
that’s too much trouble, 
use a hole saw to drill 
a 3-in.-dia. hole in each 
joist bay, then insulate 
with a fill tube. Once 
the cavities are full, 
apply more cellulose on 
top until you have the 
R-value you want.

INDETAIL
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Sloped Ceilings
Many homes have sloped ceiling areas—places 

where plaster or drywall is applied directly to the 

underside of the roof rafters. Examples include 

Cape-style houses, which usually have sloped 

ceilings between the kneewall and the flat ceil-

ing above (see the drawing on p. 35) or rooms 

with partial or full cathedral ceilings. Some 

homes just have a narrow sloped area for a few 

feet near the eaves.

These enclosed cavities present more of a chal-

lenge than an open attic. Some, like the typical 

Cape, have fairly easy access from an attic space 

either above or below. Others, like a full cathedral 

ceiling, are more difficult. The basic techniques 

shown in this section for dense-packing cellulose 

are referred to in many other parts of the book. 

The biggest distinction between dense-packed 

and open-blown cellulose is that dense-pack 

is installed in an enclosed cavity. But it’s not 

enough just to be enclosed—to dense-pack, 

by definition, means using enough air pressure 

to compress the material more densely than it 

could ever compress from settling.

Prepping for the job
When filling in a rafter bay with cellulose, you 

must prevent the insulation from pouring out of 

the cavity on the other end. If the rafter bay is 

accessible from only one end—for example, from 

the attic above—this may be easy enough, but 

you will need to plan for extra material because 

the eaves may become filled. If you can reach 

both the top and the bottom, choose the end that 

is more awkward to reach and stuff a piece of 

fiberglass into each bay; then blow in the insula-

tion from the other (more convenient) end.

Make sure the ceiling is sound before starting. 

In particular, acoustical tiles pose a real potential 

for blowout, as well as air leakage. They should 

to move stuff in and out without disturbing the 

insulation.

Even better, you can create storage above the 

insulation by building a raised floor deck. Run 

2×6 or 2×8 joists perpendicular to the ceiling 

joists at 16 in. o.c. Nail a header joist across each 

end to hold them vertically, insulate the cavities, 

and cover them with planks or 1⁄2-in. plywood. 

You will lose some headroom, but this way you 

can reserve as large an area as you like for storage 

without compromising the insulation.

With either approach, be cautious about the 

amount of weight the ceiling joists are able to 

hold. A built-up floor adds dead load and stor-

age adds live load to the existing framing—too 

much weight can create a structural problem. If 

you’re uncertain, consult a structural engineer 

before proceeding.

Raising a floor deck above the existing fram-
ing is the best way to create storage space in 
the attic without compromising insulation.

Don’t waste your 
money on “energy sav-
ing” paint. The claims of 
R-values that are com-
parable to conventional 
insulation are completely 
false. It would be nice if 
an inexpensive, noninva-
sive product could make 
such a big impact, but 
here’s the truth: Adding 
insulation is a proven 
strategy. Reflective roof 
coatings (basically white 
paint) can reduce air-
conditioning costs, but 
there is no such thing as 
paint-on insulation.

trade
secret
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be dealt with before dense-packing. And make 

sure the roof is in decent shape before insulating 

closed cavities; any water that leaks in after insu-

lating will make a bigger mess—and be more 

difficult to locate—than it would otherwise.

Roof-shingle warranties are another concern. 

Unvented cathedral ceilings experience hotter 

roof temperatures—typically by 2 percent to 

4 percent—than vented roofs. Because those 

higher temperatures may accelerate degradation 

(venting is assumed to reduce roof tempera-

tures), some roofing manufacturers won’t honor 

warranty claims on unvented, or hot, roofs. But 

research has shown that shingle color actually 

has a much larger impact (about 10 percent) on 

roof temperature than venting does, and several 

manufacturers do provide warranty service 

for unvented roofs. Choose one of those, or 

vent the roof first if shingle-warranty service is 

important to you.

Reducing moisture risk
There are serious concerns relating to venting a 

cathedral- or flat-roof ceiling space. Good air-

sealing (which dense-packing helps) and indoor 

humidity control via mechanical ventilation 

help reduce condensation and moisture buildup. 

But even an excellent dense-pack job can allow 

some air movement. In an unvented cathedral 

ceiling or flat roof, this can deposit moisture at 

the roof deck, especially in a home with high 

humidity. There are two basic strategies to avoid 

increasing the risk of condensation and potential 

damage to the roof deck: using foam insulation 

to control condensing temperatures, and ensur-

ing an opening from the unvented cavities into a 

larger, vented space.

The first approach—using continuous foam 

insulation—is the only proven, code-approved 

method for an unvented roof. It can take 

Stuff pieces of fiberglass batts into rafter bays 
so that cellulose won’t blow through when you 
fill them from the other end. Stuff the batts 
into the empty cellulose bags, as shown here, 
or just stuff the fiberglass alone.

two basic forms: rigid foam insulation added 

above and in contact with the roof deck, or 

sprayed foam added directly to the underside 

of the roof deck. Rigid foam is typically added 

during a re-roof, but usually a new sheathing 

surface (with a furred, vented space in heavy 

snow areas) is needed on top of the foam. This 

approach is expensive, but it’s a practical way 

to address a house with full cathedral ceilings 

if the roof is close to needing replacement. 

Consider interior sprayed foam insulation if you 

are planning extensive interior renovations (see 
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“Renovations” for more discussion). With either 

foam method, once the roof deck is protected 

from condensation by a high enough R-value 

of foam, the remainder of the cavity may be 

insulated with blown insulation or batt (called 

“flash and batt”). The R-value of foam insula-

tion depends on climate (see the table on the 

facing page and the map below). Both of these 

methods are explicitly allowed by code; both are 

energy efficient and low risk in any climate.

If you don’t need much R-value, you can use 
a two-part DIY spray foam kit to provide the 
foam layer. Make sure to get consistent cover-
age; this application will need a second layer 
to fill the cracks.

This map shows the climate 
zones as defined in the code: 
numbers 1 through 8 by 
increasing winter severity, 
and A/B/C (moist/dry/marine). 
These zones are used to 
define minimum insulation 
levels and moisture-control 
requirements.

The second approach is to provide a partial 

venting path for the closed dense-pack area. This 

can be achieved in homes that have sections of 

sloped ceilings (such as Cape-style homes) that 

may be difficult or impossible to vent properly. 

If one end of the dense-packed area is open to 

a vented attic space (preferably the top), any 

wetting effects appear to be balanced by drying 

toward the vented space. This approach can also 

be used under low-slope roofs (for example, 

a row house or shed dormer), where access 

near the low side is impossible. Experience has 

shown that up to one-third of the total attic area 

can be dense-packed without venting, provided 

that the remaining attic space is vented nor-

mally. Note that this method does not conform 

to standard code requirements but has been 

accepted by many local building officials. And I 

would consider this approach much more risky 

in climate zones 6 to 8.

Of course, just as with an open attic floor, you 

have to be careful to avoid chimneys and non-

IC-rated recessed lights. If you have a chimney in 

a key leak area, you may want to consider using a 

high-performance fiberglass (see sidebar at right). 

You could also open up the ceiling in that area to 

air-seal the chase with sheet metal (see the photos 
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on pgs. 37 right and 182 left) and install wood or 

rigid foam blocking (more than 2 in. away from 

the chimney) to keep the cellulose away. If you 

have recessed lights, you’ll need to replace them 

with IC-rated fixtures.

If you don’t have the plans or budget for 

sprayed foam and partial venting is not an 

option, you can focus on sealing the tops of walls 

and other air leaks where they intersect the roof. 

You can use this approach on all interior walls 

that intersect with the roof. To seal the wall tops, 

you’ll need to drill a series of holes in each wall 

cavity just below the ceiling and inject two-part 

foam from a kit; or you can dense-pack insula-

tion at the top of the cavity. This approach stays 

within code, but falls short of the continuous 

foam method, because it doesn’t increase the roof 

insulation or venting. However, it can be effective 

in houses with air leakage–dominated problems 

such as ice dams or roof-cavity condensation.

Minimum R-values of 
Foam Insulation
by Climate Zone

IECC Climate 
Zone

2B and 3B (tile roof only)

Minimum 
Foam 
R-value*

1 (all), 2 (all), 3 (all)

4C

4A, B

5

6

none required

5

10

15

20

25

*These R-values are only the minimum of foam needed and 
must be supplemented by other cavity insulation to meet the 
total R-value required by code or design.

7

8

30

35

On this machine, you increase the air-to-
cellulose mix for dense-packing by closing a 
gate in the hopper, which reduces the mate-
rial feed. Other machines have air-inlet ports 
that open to increase the air pressure; either 
type will adjust the air-to-material ratio.

A 11⁄4-in.-dia. vinyl fill 
tube attached to the end 
of a larger-diameter hose 
makes it easy to snake 
into confined spaces for 
dense-packing cellulose. 
The marker line near the 
end warns you that the 
end is near as you pull 
the tube out.High 

Performance 
Fiberglass
A new breed of blown-in fiberglass 
materials is now on the market. High-
performance fiberglass (such as 
Johns-Manville Spider® and Knauf 
Perimeter PlusTM) can be dense-
packed to reduce air movement as 
effectively as cellulose in closed
cavities.

These products have slightly 
higher R-values than cellulose, but 
at much lower densities—and lower 
risk of plaster blow-out. The Building 
Performance Institute is developing 
a standard (Standard BPI-3202-T) 
to qualify other insulation prod-
ucts based on air-leakage control. 
Because these products are noncom-
bustible, they are also safe to use 
in cavities adjacent to a chimney or 
fireplace.
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Filling rafter bays:  
Dense-packing cellulose

To dense-pack cellulose, you’ll first need to set 

up the blowing machine. Depending on the 

machine, this means setting it for either less 

material or more air. If you have a large, open 

ceiling cavity, use 3-in. flex hose. For cavities less 

than 5 in. deep, or for those that already contain 

some insulation, use a 2-in. hose or a smaller 

vinyl fill tube. Starting at one end of the house, 

insert the hose into the first cavity. Try to insert 

it so that the end is within 1 ft. of the far end of 

the cavity, and cover your end of the cavity with 

a loose piece of fiberglass to keep the cellulose 

from blowing back out. It helps if you keep the 

fill tube or hose in one corner of the open-

I’ve insulated a number of unvented roofs 

(including my own, which is partially vented), 

and I know a number of contractors who regu-

larly insulate closed roof cavities with cellulose. 

But there have also been cases of significant 

roof-sheathing moisture damage in homes that 

have been treated this way, usually in homes 

with high humidity levels, so the decision is 

yours. Your choice will depend on the climate, 

building inspector, shingle warranty, and condi-

tion of the roof, as well as your confidence in 

the success of mechanical ventilation and indoor 

humidity control.

Rigid foam on 
back of kneewall

Air pressure in the enclosed 
cavity pushes the loose fibers 
tightly against the sides, pack-
ing them into place. Once 
installed, the high-density 
material slows air movement 
through the cavity, gives the 
insulation a higher R-value, and 
prevents future settling. 

Note that the proper packed 
density (about 3.5 lb. per  
cu. ft.) cannot be achieved in 
areas beyond about 1 ft. from 
the end of the hose, so don’t 
try this unless you can reach 
the far end of the cavity, and 
don’t try it in very deep cavi-
ties or open spaces.  

Dense-Packing Cellulose 
in a Sloped Ceiling

Fiberglass-batt 
plug is stuffed in 
tightly to retain 
cellulose.

Cellulose is 
packed in place 
by the force 
of air pressure.

Cellulose fibers 
are suspended �in 
air; air pressure 
fills the cavity, 
pushing out in all 
directions.

Attic

Fiberglass-batt 
plug held in 
place while 
dense-packing 
this rafter bay

Sealant

Draftstop blockingFiberglass or 
cellulose

Second floor

Floor joist

Kneewall

Fiberglass batts

Keep the end 
of the fill tube 
near the packed 
cellulose.

Rafter
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ing. Make sure the switch is handy, turn on the 

machine, and let the fun begin!

The tricky part of any dense-pack operation 

is making sure that you pack in as much material 

as possible without clogging the hose or blow-

ing out the drywall or plaster. As the material 

fills near the end of the tube, the flow through 

the hose will start to back up. When it does, pull 

back the tube 6 in. to 8 in. to relieve the pressure 

and allow more packing of the cavity. It may 

take a while before you have to back up the first 

time, but then you may have to pull back every 

5 to 10 seconds until the cavity is full (depend-

ing on the size of the fill tube and the pressure 

of the machine). When the cavity is full, turn off 

the blower and let the pressure drop before pull-

ing out the hose. You will know that you have 

reached the proper density based on the amount 

of material you use: For every square foot of 

area you should use about 1 lb. of cellulose in an 

When insulating a closed cavity, such as this 
rafter bay, hold a piece of fiberglass batt 
across the opening. Wear a respirator and 
safety glasses in case the cellulose blows back 
at your face.

Dense-Packing
It’s not difficult to notice the changes that 
happen just before your blowing machine 
starts to bog down. The sound changes, the 
material feed slows, and the added pres-
sure may make the hose wiggle. If you wait 
too long to pull the tube back, the cellulose 
can back up and dense-pack the hose 
instead of the wall. If you pull the tube out 
too quickly, the density will suffer.

Clogs occur most at a reducer or other 
restriction. Usually, opening up the hose at 
the restriction will do the trick. If not, a long 
stick or a heavy-duty tape measure and a 
lot of thwacking on the side of the hose can 
loosen it. If you are getting a lot of clogs, try 
reducing the material feed or increasing the 
amount of air. If you have a machine with 
separate switches for the agitator and the 
blower, you can maintain the air pressure 

and reduce clogging by turning off the agi-
tator for short periods of time. This handy 
technique allows the air pressure to build 
without feeding any material; it’s especially 
useful near the end of each cavity.

Clogs occur where hoses reduce in 
size. To clear the blockage, disas-
semble the joint.
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as shown in the chapter on “Sealing Air Leaks” 

and then insulating with blown cellulose is a 

great approach. It’s inexpensive, and you can do 

much or all of the work yourself. But what if 

you have a complex space with floored areas that 

obscure big leaks, or lots of mechanical equip-

ment and ductwork in the attic space? Or what 

if you plan to renovate and finish the attic space 

at some point in the future? You may not want 

to spend the time treating the attic floor, only to 

have the extra insulation in the way later on.

In these cases, consider insulating and sealing 

the roof and gable walls with sprayed polyure-

thane foam. Often referred to as a “cathedralized 

attic,” this is not a do-it-yourself job: Spray rigs 

are expensive and require specialized training. 

But compared to the time and effort it would 

take to air-seal and insulate the attic floor and 

thoroughly seal and insulate the ducts, it may be 

well worth the extra investment. It may also be 

empty 2×4 cavity, 1.5 lb. in a 2×6 cavity, or  

2 lb. in a 2×8 cavity. If you use much less, the 

density is inadequate.

If your sloped or cathedral ceilings aren’t 

accessible from an attic space and you do choose 

to fill them with cellulose, you have several 

options for dense-packing cellulose. You can get 

at the rafter bays by opening up the soffit and/or 

fascia, or by removing the cap layer of shingles 

and cutting back the sheathing a few inches. 

Either method allows you to run a fill tube into 

the rafter cavity to fill it with insulation. Another 

option is to drill and patch cathedral ceilings 

from the inside, similar to filling walls from 

indoors. Of course, be extra careful whenever 

you work on a roof or on a ladder.

Cathedralized Attics
If an attic area is free of mechanical equipment 

and you can reach the air leaks, sealing the leaks 

If you’re insulating a 
cathedral ceiling, stay 
away from non-IC-rated 
recessed light fixtures 
and chimneys. Blowing 
cellulose in these areas 
could create a fire hazard.

according
to code

If you insulate a roof 
with spray foam and 
there’s a furnace in the 
attic, you need to pay 
attention to combustion 
air requirements. You 
should be okay if the fur-
nace is a modern power-
vented or condensing 
unit. But if it’s an older 
atmospheric-vented unit, 
you may need to add 
some transfer grilles from 
the attic into the living 
space. Better yet, replace 
the furnace with a high-
efficiency direct-vent unit.

protip

If you do insulate blind roof cavities, make sure the rafters aren’t already full of insulation. If 
so, you’ll have trouble getting a fill tube—or much cellulose—into the space.
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represents a significant heating and cooling load, 

and it’s usually cost-effective to add insulation.

Exterior walls are fairly difficult to insulate, 

unless you are remodeling, installing new dry-

wall, or re-siding the house. Retrofitting insula-

tion almost always means blowing in insulation; 

the process is very much like that for sloped-

ceiling dense-pack outlined above. The type 

of siding has a big impact on how easy it is to 

get into the wall, and it may help you decide 

whether to tackle the job yourself or hire an 

insulation contractor.

What’s in there now?
How do you know what’s in the walls already? 

If you have done any remodeling on the house, 

you may already know. If not, there are a several 

ways to find out. It’s important to know what is in 

there, because that will have a big impact on how 

easy—or useful—it will be to insulate the walls.

Remember that there may be different types 

of insulation (or none at all) in different parts of 

easier to find a competent spray-foam contractor 

than to get someone who is willing and able to 

do those other jobs right.

Spraying foam on the roof to create a com-

plete, air-tight thermal enclosure reduces air 

leakage and adds an insulation layer in one step. 

I have created new, finished top-floor space by 

insulating with sprayed foam before hanging 

drywall; these houses have lower total energy 

cost, even with significantly increased living 

area. If a cathedralized attic is left unfinished, 

ductwork may be left as is; losses from the ducts 

are retained inside the new, enlarged thermal 

boundary. Although it’s a good idea to connect 

any disconnected ducts, you won’t benefit sub-

stantially from any duct insulation or sealing.

Insulating Walls
If you have little or no insulation in your walls, 

you will definitely benefit from installing some. 

Conductive heat loss through uninsulated walls 

Whenever you insulate 
a roof with sprayed foam, 
you must pay attention to 
fire safety codes. Codes 
generally require all 
foam insulation to be cov-
ered with 1⁄2-in. drywall 
(or other 15-minute ther-
mal barrier), but many 
foam products have been 
tested for use in unoc-
cupied spaces such as 
attics and crawlspaces. 
Ask to see the “ICC-
ES” Evaluation Service 
report from the product 
manufacturer you’re 
considering. This report 
will specify maximum 
insulation thickness, and 
any additional coatings 
needed to satisfy the 
code requirements, for 
each application. There 
may be separate rules for 
attic roof sheathing, attic 
gable walls, crawlspace 
walls, or crawlspace ceil-
ings. Be sure the installer 
follows these require-
ments; if you have any 
questions, it may be best 
to discuss them with your 
local code official before 
signing a contract.

ACCORDING
TO CODE

Existing Insulation 
in Older Homes
Most homes built before the 1930s had 
no insulation at all, so if your home is from 
that era, you will be looking for insulation 
that was added later. It may be blown-in 
cellulose or urea-formaldehyde foam. If the 
walls are already insulated, it is rarely worth 
adding more, unless you find large areas 
that were never done at all, or if the walls 
were not insulated properly. If the installed 
insulation has settled and each wall bay 
has a large empty space at the top, it may 
be worth filling them in. Also look out for 
“back-plastering.” Although unusual, back-
plastered walls are built with an extra layer 
of lath and plaster in the middle of the stud 

space, to add an extra airspace and reduce 
heat loss through the wall. Those walls are 
difficult to insulate due to the narrow space, 
and it’s probably better to leave them alone 
unless you do major remodeling or re-siding.

Homes that were built prior to 1960 may 
have minimal insulation; some have insula-
tion that is sandwiched between layers of 
paper. It is possible to add cellulose insula-
tion to walls with those thin insulation layers, 
but only with a fill tube. If the wall has thicker 
batts, it will probably be almost impossible 
to get the fill tube into the wall cavity without 
bunching the insulation; in that case, it won’t 
be worth trying to add more.
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are using a fill tube (my preferred method), plan 

for a row of holes one-third to halfway up the 

wall on each story. The fill tube should be long 

enough to reach from the hole to the top and 

bottom of the wall cavity.

You’ll also need to drill a hole in each stud 

bay below windows (and sometimes above win-

dows), too. Make those holes about 12 in. down 

from the bottom of the window. Odd-shaped 

cavities are often formed by diagonal bracing, 

bridging, fire-stopping, and other blocking. The 

more careful you are to find and access those 

cavities, the better the insulation job will be.

To drill the holes, first strip off a layer of siding 

for each horizontal row of holes. Shingles or clap-

the house. If some rooms have been remodeled, 

or built at a different time, they will likely be 

insulated differently. Sometimes people start to 

insulate a house and don’t finish, so look in sev-

eral places to be fairly certain of what is there. If 

the insulation is spotty or inconsistent, it may be 

worth hiring someone to scan your walls with 

an infrared camera in order to identify all the 

areas that are uninsulated.

Insulating from outdoors
If you have wooden clapboard, shingles, or vinyl 

siding, it probably makes sense to insulate from 

outdoors. First, you’ll need to remove a row of 

siding and drill a hole into each stud bay. If you 

Whether you drill from 
inside or outside to blow 
in cellulose, it’s impor-
tant to make a hole in 
every stud or rafter bay.

PROTIP

Make a probe out of a 
piece of insulated wire, 
stripping the jacket off 
a piece of electric cable 
and pulling out one wire 
with the insulation still 
on it. You can use it to 
explore stud bays after 
drilling them, probing 
sideways to find the next 
stud. Aim for the center of 
the next stud bay to drill 
the next hole.

TRADE
SECRET

Vinyl and Aluminum Siding
Vinyl siding can usually be unlocked one course 
at a time (two clapboards in height) with a “zip” 
tool, which is simply an insulation push rod with 
a hook at one end and a handle at the other. 
Unlock the top of the course where you want 
to drill holes, then reach in with a prybar and 
remove the nails holding the siding strip. Short 
pieces of siding may not flex enough to pull 
out safely; you can slide them down between 
the trim channels to expose the sheathing. 
Make sure your hands are clean, or you could 
permanently stain the plastic. Try to avoid cold 
weather when the vinyl is brittle and easily 
broken. Aluminum siding can also be removed 
with a zip tool, but watch out—it dents easily. On 
a windy day, the material can easily bend; once 
damaged, both vinyl and aluminum siding are 
difficult to match.

The unlocking tool for vinyl or alumi-
num siding is just an insulation push rod, 
with a bent hook at one end and a round 

handle at the other. Be very gentle, 
especially near the corners and around 
window trim. You can also use a prybar 

to help open the siding, but be careful not 
to mar, bend, or break the lower piece.
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boards can be removed by cutting just at the line 

of the next overlapping layer. Carefully insert a 

small prybar from the bottom to lift out any nails 

(in clapboards) and help snap the wood at the cut. 

Set the siding pieces aside carefully—you may 

want to label the backs with a marking pen, using 

letters or numbers to match their locations. Note 

that after replacing any type of painted siding, 

you’ll need to do some patching and touch-up 

painting. Holes will be easier to drill with a self-

feed bit or a heavy-duty hole saw; aim for 29⁄16-in.

or 23⁄4-in. diameter for a 11⁄4-in. fill tube.

When preparing to 
insulate walls from 
the outside, be sure to 
remove pictures from 
walls and breakable 
objects from shelves.

PROTIP

Beware of loose plaster 
or drywall, especially in 
older homes with plas-
ter on wood lath, and in 
newer homes with poorly 
installed drywall. If there 
are any loose or spongy 
areas, secure them by 
driving drywall screws 
into studs before blow-
ing cellulose; they can 
be patched later. And 
always keep an eye on 
the plaster and drywall 
while filling wall cavi-
ties. If you are working 
from the outside, station 
a helper inside to warn 
you of any trouble. To 
reduce the risk of blow-
out problems, consider 
using high-performance 
fiberglass (see the side-
bar on p. 75): The lower 
required density exerts 
less pressure on the wall 
surface.

WHATCAN
GOWRONG

Estimating
Wall Insulation
To figure the amount of cellulose 
needed to insulate walls, multiply the 
height and width of the walls to obtain 
the square footage. Subtract areas that 
are already insulated, as well as any 
large window or door areas, and aim 
for 100 lb. of material for every 100 sq. 
ft. of area. For high-performance fiber-
glass, plan on 60 lb. for every 100 sq. ft. 
This method may overestimate, but it’s 
easier to bring back some unopened 
bales than to run out and buy more 
before you finish.

Once the top edge is scored with a knife, pry 
up from the bottom to snap off the shingle.

To remove a wooden shingle or 
clapboard, first cut into it with 
a sharp utility knife, tilting the 
blade upward so the joint will 
shed water when you put it back 
together.

Start filling each wall bay by 
pushing the fill tube up from the 
center of the bay. Keep the con-
trol switch close at hand, so that 
you can find it in a hurry when 
you need to shut off the flow of 
cellulose.

Once you have dense-packed the upper half of 
the wall cavity, continue by pointing the tube 
down to the bottom.
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Asbestos-cement siding must be treated with 

care—use a small cat’s paw or diagonal cutters to 

pull the nail heads and gently ease out the shin-

gles. If necessary, take off two courses to expose 

the exterior sheathing—never drill through 

asbestos siding!

If the house is sided with vertical tongue-

and-groove or board-and-batten, or some type 

of plywood siding, you’ll have to make a deci-

sion. One option is to remove a substantial 

amount of siding. Another option is to drill and 

blow the wall cavities from the interior. If you 

have brick veneer, stucco, or other masonry 

cladding, you really don’t have much choice but 

to insulate from the inside, or hire a professional 

with demonstrated experience working with—

and repairing—your siding type.

Any time you drill, cut, scrape, or 
pry apart painted surfaces you risk 
creating hazardous chips and dust 
from old lead-based paint. Lead 
dust and chips are a serious health 
hazard to children and adults, 
and the Environmental Protection 
Agency (EPA) requires lead-safe 
certification for contractors who do 
renovation work on pre-1978 homes. 
Do-it-yourselfers are not covered by 
the law, but it’s important to under-
stand the risks and safety practices, 
especially if there are children in 
the house. You can find information 
about the legal requirements at www.
epa.gov/lead/pubs/renovation.htm; a 
brochure for owners is available at 
www.epa.gov/lead/pubs/
renovaterightbrochure.pdf.

S A F E T Y  F I R S T

Before drilling holes 
for blown-in insulation, 
remove the siding so 
that you’re only drilling 
through the sheathing. 
That makes it easier to 
find stud bays and 
patch the holes once 
you’re done.

If you are insulating 
an overhang that is 
covered with a vinyl or 
aluminum soffit material, 
first remove it carefully—
don’t try to drill through it.

PROTIP

Filling walls with a tube

Once you’ve drilled the holes, you’re ready to 

begin. Whether the holes are on the inside or 

the outside, the basic technique is the same. Start 

by inserting the tube up into the wall bay, push-

ing it in so the end is close to the top. This is a 

good opportunity for feedback on whether the 

cavity is blocked—if the end of the tube stops 

short of where you expect the top of the wall 

to be, there is likely some blocking or diagonal 

bracing that will require an extra hole drilled 

above it. Once you’ve determined that the tube 

is all the way at the top, pull it back a couple of 

inches to allow the material some room to flow. 

It’s helpful to cover the hole around the tube 

with a small piece of fiberglass or a rag; this helps 

control dust and keep cellulose from blowing 

back out of the hole.

When working with asbestos-cement siding, 
rule number one is never damage the shin-
gles. Drilling, cutting, or sanding them can 
release harmful asbestos fibers.
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Start the machine, let it fill the wall cavity 

until the material flow starts to back up, then 

pull back the tube 6 in. to 8 in. (this process 

is described in more detail on pp. 76–77). 

Continue until you have filled the upper half 

of the cavity, then stop and push the tube down 

to the bottom. Fill the lower half of the cavity 

in the same way, working back toward the hole. 

The lower part will fill up quickly, as it will 

already have some loose material in it.

Cavities under windows are filled in the 

same way, except there’s no upper half. When 

you finish each hole, make sure that it is tightly 

packed; it should be difficult to push a finger 

through the cellulose.

When you are finished, plug the holes and 

refinish the surface. From the outside, tap in 

wooden plugs and then neatly replace the siding. 

You will probably need to apply some touch-up 

primer and paint as well, depending on the finish.

Wall cavities that open 
into a basement, chimney 
chase, built-in cabinet, 
pocket door, or other 
open area can turn into 
bottomless pits for insu-
lation. Before you start 
blowing cellulose, check 
for any of these potential 
cavities against exterior 
walls. Also, check the 
subfloor in the basement 
just above the sill. If you 
find any openings, you 
must block them to avoid 
filling the basement with 
a pile of cellulose.

whatcan
gowrong

In some cases, walls are 
framed so that the bays 
open into the basement. 
Stuff the bottoms of these 
wall bays with fiber-­
glass before blowing 
insulation.

Be sure to plug any holes cut in the sheathing, 
even if the siding will cover them later. Precut 
tapered plugs are generally available from a 
cellulose supplier.

Once the hole is plugged, set the shingle or 
siding in place and attach with siding nails.

Some walls in older houses open into attic 
areas. Before you start drilling, check for ­
this situation—you’ll save yourself a lot of 
drilling if you can insulate the wall cavities 
from above.
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Before working on a ladder, always 
make sure it’s stable. Keep your body 
weight in the middle—don’t over-
reach. Ladder jacks and staging can 
help. They are well worth the trouble 
to set up, because you can strip sid-
ing and insulate a large area before 
moving the staging. Follow the safety 
instructions carefully, use common 
sense, and be especially careful 
while drilling. The torque developed 
by a 11⁄2-in. or 2-in. self-feed drill bit
is dramatic. If the bit binds in the 
wall sheathing, the handle can kick 
back violently, knocking you right off 
your perch.

S A F E T Y  F I R S T

Whether you’re insu-
lating from the inte-
rior or the exterior, a 
self-feed bit makes it 
easy to drill the large 
holes you’ll need.

After filling each stud bay with cellulose, the 
holes in the wall are patched with slightly 
inset polystyrene plugs and one-step patching 
compound. (Note that this contractor is using 
a nozzle rather than a fill tube. Although not 
my preference, a trained professional can get 
good results with a nozzle, using two holes 
per cavity. The work must be checked with an 
infrared camera.)

STRATEGIC DENSE-PACKED CELLULOSE 

Some loose material will fall 
into the lower part of the 
wall; this is OK.

If you have cathedral ceilings that are 
already insulated with fiberglass batts, 
or for some other reason are unable 
to dense-pack the roof cavities, filling 
the tops of partition walls with cel-
lulose is about the only way to reduce 
air leakage without demolishing the 
interior walls or roof.

The same approach (in plan view) 
can work to reduce air leakage 
where partitions meet exterior walls. 
Depending on the framing, it may be 
difficult to get a good solid fill on the 
exterior wall at such intersections, 
so dense-packing the first bay of the 
partition from inside can help.

Electrical wiring

Wiring and plumbing holes, 
as well as cracks between the 
drywall and the top plates, allow 
warm, moist air to escape.

Fiberglass batts in the roof 
cavity don’t stop air leakage, 
but they prevent effective 
dense-packing of the cavity.

Filling an interior partition wall with 
dense-packed cellulose (or two-part spray 
foam) will help prevent air from leaking 
into the roof cavity.

The partition wall is 
dense-packed using 
a fill tube.
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Strategic dense-packing

You can also use dense-packing to reduce air 

leaks between interior partition walls and  

cathedral-ceiling or flat-roof cavities. The tech-

nique is the same as that for filling exterior wall 

cavities from the interior, provided you can 

achieve densities of 3.5 lb. per cu. ft. Use it for 

plumbing walls, duct chases, and other places that 

are likely to have big leaks into the ceiling cavity 

(avoid doing this around a chimney chase). This 

is a messy job, but it may be the cheapest way to 

solve ice dams or cathedral-ceiling dripping. In 

that case, try to do all the top-floor interior parti-

tions. Be extra careful when drilling into walls 

that contain plumbing and other services.

Insulating Floors
Some floors need insulation, and some do not. 

A basement with a furnace or boiler is typically 

warm enough that insulating the floor won’t 

save you much, if anything. I generally prefer to 

seal and insulate foundation walls to help keep 

that heat in the house. Most people want their 

Drilling and patching ­
from indoors

If you have siding that you don’t want to deal 

with, it may be easier to drill and insulate from 

indoors. Of course, this will be much more dis-

ruptive and dusty, but it may be a lot faster and 

easier, especially if you are refinishing parts of the 

interior already.

The preparation is basically the same as insu-

lating from the outside, except there’s no siding 

to remove. Start by making a row of holes about 

halfway up the wall, with one hole in each stud 

bay (don’t forget the spaces under windows).

After you’ve finished blowing cellulose into 

the wall, you can insert premade polystyrene 

foam plugs (they’re usually available from a cel-

lulose supplier), slightly inset from the existing 

wall surface. The holes can then be convention-

ally patched with a good-quality patching or 

setting-type joint compound. If you are doing 

substantial refinishing, or if you want a more 

solid patch, you can make drywall patches 

instead; they are more time-consuming but less 

likely to crack or pop over time.

One common mistake 
when installing kraft-
faced fiberglass batts is 
to staple the facing tabs 
to the bottoms of floor 
joists. In most climates, 
this is incorrect for two 
reasons. First, the vapor 
barrier is on the cold 
side; more important, the 
insulation is typically 
hanging in mid-air. I’ve 
never seen problems 
resulting from vapor dif-
fusion into a floor, but 
unfaced batts are better 
than improperly installed 
faced batts. In any case, 
insulation should be in 
contact with the subfloor.

whatcan
gowrong

Although stapling a faced 
batt to the floor joists is 
easy, this is the wrong 
way to install fiberglass 
insulation in floors. Use 
unfaced batts held with 
push rods, or insulate the 
basement walls instead.Push rods are used to hold unfaced fiberglass 

insulation batts in place in the floor joists. It’s 
important not to compress the fiberglass too 
much with the push rods.

Fiberglass batts must be carefully cut and 
woven around any bridging, blocking, or 
other obstructions in the floor framing.
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the floor framing to its full depth. If you have 

only 6-in.- or 8-in.-deep joists and want more 

insulation, attach extruded-polystyrene (XPS) 

foam to the underside of the floor for a higher 

R-value. Use screws and 1-in.-dia. fender wash-

ers to make sure the foam stays in place. Check 

your local building code; foam insulation may 

need to be covered with 1⁄2-in. drywall or ply-

wood for fire safety.

Insulating an enclosed-cavity 
floor with cellulose
Any floor that is exposed to outdoor condi-

tions or unconditioned space and has solid 

sheathing on the underside can be insulated 

with blown-in cellulose. Examples include 

garage ceilings, exposed heated porches, canti-

levered overhangs, and sheathed floors built on 

piers. The process is the same as that for filling 

cavities in cathedral ceilings or walls. You must 

drill holes in each bay, and then patch the holes 

when you are done.

basements to be at least moderately warm, at 

least to reduce the risk of pipes freezing and dry 

things out a bit. If you don’t mind having a very 

cold basement, you can combine floor insulation 

with insulating and sealing the ducts (or insulat-

ing heating pipes) to help keep the heat in the 

upper floors. Some floors that should be insu-

lated are cantilevers; floors over garages, on stilts, 

or on piers; and slab-on-grade floors in cold cli-

mates. The open side of a conditioned walkout 

basement is also a slab-on-grade floor.

Insulating an open floor with 
batts (over a basement or 
crawlspace)
If your floor is open—that is, with exposed joists 

to which you have access from below—the easi-

est way to insulate it is with unfaced fiberglass 

batts. Be sure to buy batts that match the size of 

the joist spacing (usually 16 in. o.c.) and hold 

them in place with insulation push rods spaced 

every 2 ft. or so.

Don’t depend on friction to hold fiberglass 

batts in place, or they will soon fall down. And 

don’t use faced batts, thinking that the flanges 

can be stapled to the joists, because the vapor 

barrier will end up on the wrong side of the 

insulation. The batts should be in full contact 

with the floor and not compressed too much 

by the push rods. Be sure to cut and fit the batts 

neatly around any cross-bridging, plumbing 

pipes, and other obstructions in the floor system.

I recommend the following R-values for 

floor insulation: In mild climates, R-19 will 

meet or exceed energy codes, but a high-density 

R-21 (5.5-in.) or R-30 (8.5-in.) batt will give 

you more R-value for minimal extra cost. These 

batts are stiffer and easier to install properly. In 

cold climates, R-30 or R-38 will do. Plan to fill 

When insulating a can-
tilevered overhang, drill 
into the soffit at the bot-
tom and use a nozzle or 
a fill tube. But be careful: 
Some floor cavities open 
into a basement or other 
part of the house (includ-
ing recessed lights, 
pocket doors, etc.). If you 
have access, stuff each 
bay from inside with a 
big hunk of fiberglass. 
If there is no access, you 
can set the machine for 
more material (or less 
air pressure) to reduce 
the density and to avoid 
overfilling the cavities.

WHATCAN
GOWRONG

This overhang was 
hidden by a porch ceil-
ing made of perforated 
vinyl soffit. The solution 
was to remove the soffit 
and insulate the over-
hang before installing 
a drywall ceiling. Note 
the patches below the 
overhang, installed after 
insulating the exterior 
house wall.

Be extra careful when drilling holes 
in any building cavities, including 
floors, walls, and ceilings. You may 
run into pipes or wires. Before you 
start, make a note of the general loca-
tion of plumbing fixtures and pipe 
runs that may be nearby; wiring will 
be more difficult to assess. Go slowly, 
avoid pushing the drill or saw past 
the sheathing or drywall, and use the 
holes you have already opened to 
probe or look with a flashlight to find 
out what’s there. And make sure there 
is no active knob-and-tube wiring 
before installing any insulation.

S A F E T Y  F I R S T
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You will need a heavy-duty hole saw or 

rotary drill bit larger than the fill tube—gener-

ally 29⁄16-in. or 23⁄4-in. diameter. Drill one hole 

between the joists in the middle of each floor 

bay. Use a stud finder to locate the first joist, or 

drill a hole and probe the space with an insu-

lated wire to find the nearest joist and the direc-

tion in which it runs.

Drill a line of holes, one in each bay, across 

the space. The distance between the row of holes 

and the end of the bays should be at most 12 in. 

beyond the length of the fill tube (see the draw-

ing below), because the tube cannot pack mate-

Using a piece of fiberglass to contain the air 
pressure and help control dust, the cellulose is 
blown into a floor bay.

Avoid installing 
carpeting on uninsulated 
slab floors. Moisture may 
condense on the cool 
concrete, creating a mold 
problem.

PROTIP

Protecting 
Foam Insulation
If you insulate a slab or foundation 
wall from the exterior, you must pro-
tect the insulation above grade to 
prevent damage from sunlight; typi-
cally, this is done with some type of 
stucco. Other materials that protect 
foam board include pressure-treated 
plywood, bendable vinyl coil stock, 
or cement tile-backer board. Several 
companies also make a preformed 
insulating panel with an exterior-duty 
finish already attached.

One problem with 
applying rigid or 
spray-on (shown 
here) foam insulation 
to the exterior wall of 
a foundation is that 
it is difficult to finish 
reliably.

Indoors

Indoors

Outdoors

Outdoors

Use a fill tube to reach a little bit 
farther than the length of the tube, in 
both directions, from a single access hole.

Floor joist

Floor joist

4 ft. (typical) 4 ft. (typical)

With a nozzle, multiple holes are 
needed to fill longer joist bays.

Dense-Packing Cellulose in a Floor
For floors that are enclosed on both sides with sheathing, dense-pack cellulose with a fill 
tube or a nozzle.  The fill tube is preferred, because you can pack greater densities and you 
don’t need to drill as many holes.  A nozzle can also do a good job, particularly if there’s 
some existing fiberglass that interferes with the fill tube. Either way, watch out for blocking, 
cross bridging, or other obstructions. You can use the same technique for flat ceilings and 
attics with subflooring (drill from above, or remove a floorboard).

DENSE-PACKING CELLULOSE IN A FLOOR

For floors that are enclosed on both sides with sheathing, dense-pack cellulose 
with a fill tube. The fill tube can reach about 12 in. beyond the length of the 
tube itself, but very long fill tubes are difficult to work with, so if the cavity is 
very long you will need a second set of holes. Watch out for blocking, cross-
bridging, or other obstructions. You can use the same technique for flat ceilings 
and attics with subflooring (drill from above, or remove a floorboard).
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and cool and damp in the summer. If the floor 

is unfinished, or you are planning to remodel 

anyway, a layer of extruded polyethylene, with 

1×3 furring as a nail base, makes a good founda-

tion for a plywood subfloor.

Start with a moisture barrier. This can be as 

simple as a layer of 6-mil polyethylene sheet, but 

I prefer to use a dimpled polyethylene mat if 

there is enough headroom, especially in a base-

ment with any likelihood of water. The air space 

provides drainage to keep the subfloor dry, and 

helps prevent mineral efflorescence that can 

damage the slab from below. Attach the subfloor 

to the sleepers with screws, or use glued tongue-

and-groove plywood and skip the sleepers. Allow 

the assembly to float on top of the insulation 

layer; don’t fasten through the dimple mat. Most 

flooring manufacturers will accept this approach 

provided the subfloor is 3⁄4-in plywood. You will 

lose a couple of inches of headroom, but it is 

worth the greater energy efficiency, comfort, and 

moisture control. If headroom is tight and mois-

ture is present, the dimple mat is more important 

than the insulation layer.

Because most of the heat loss from a slab-on-

grade floor is at the edges, you can also install 

rigid-foam insulation (polystyrene) vertically on 

the outside of the slab instead. The insulation 

must descend vertically at least 2 ft. from the top 

rial farther than 1 ft. If the length of each bay is 

much greater than twice the length of the fill 

tube, drill an additional row of holes farther 

down, so that you can reach the entire floor. You 

will also need an extra row if you find solid 

blocking between the joists.

Blow in the insulation in the manner 

described for attic slopes (see pp. 76–77). Push 

the fill tube in as far as it will go, turn on the 

machine, and back the tube out slowly as the 

material backs up. Hold a rag or small piece of 

fiberglass over the hole so the dust doesn’t blow 

in your face (always wear a dust mask and safety 

glasses). When the end of the tube nears the 

hole, turn off the machine, push the tube into 

the joist space in the other direction, and repeat 

the process. When you are done with that hole, 

you should have a tightly packed fill that is dif-

ficult to push a finger through.

When you are done, put a plywood plug in 

each hole so the surface is just shy of the drywall 

or sheathing material, and patch it with a one-

step patching compound or nonshrinking wood 

filler as appropriate. Prime and paint to match.

Insulating a slab floor
An uninsulated slab floor can lose a lot of heat 

if the edges are close to or above grade level. It 

can be cold and uncomfortable in the winter, 

In termite-prone areas, 
exterior rigid foam is not 
recommended, because 
insects can hide behind 
the insulation on their 
way into the house. 
Some manufacturers 
make insect-resistant 
polystyrene-foam prod-
ucts. Typically, those 
products do not have 
insect-repelling quali-
ties that will protect your 
home; they only prevent 
critters from nesting in 
the material. Check your 
local building code to see 
whether those products 
are acceptable for such 
applications in your area.

WHATCAN
GOWRONG

This dimple mat (Delta-FL®) provides a drain-
age space and vapor barrier. Seal the seams 
of the dimple mat carefully with high-quality 
acrylic tape (like 3M 8086 or Tyvek tape) 
before adding a layer of extruded polystyrene 
foam, then 1×3 sleepers at 16 in. o.c., and a 
plywood subfloor. 

Insulating hides both structural and 
water-leakage problems in your foun-
dation walls—at least temporarily, 
until the wall caves in or the space 
floods. Make sure the foundation is 
both well drained (from inside or out)
and structurally sound before install-
ing insulation. 

S A F E T Y  F I R S T

Most of the heat loss in 
a foundation occurs near 
the top of the wall, which 
is exposed to outdoor 
temperatures, but I rec-
ommend insulating the 
entire wall.

PROTIP
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walls rather than the floor above. I also recom-

mend insulating the crawlspace walls instead of 

the floor joists (see the bottom photo on p. 45). 

Remember that if you do insulate overhead, you 

will also need to insulate the furnace ducts or 

the heating pipes in the basement (see  

pp. 112–115 and the sidebar on p. 131).

Foam insulation with drywall
If you insulate the walls, I recommend using 

sprayed polyurethane foam, or rigid foam,  

covered by a stud wall. It’s common to build a 

stud wall and put fiberglass in the wall cavities, 

but this may result in mold or moisture prob-

lems, regardless of the climate (see the drawing 

on p. 90).

of the slab. The technique is typically not worth 

doing unless you are excavating around the 

perimeter of the house for some other reason, or 

if the soil is very loose and easy to remove.

Insulating  
Foundation Walls

If you have a basement or a crawlspace, chances 

are pretty good that the walls are not insulated. 

If you have heating equipment in the space, it is 

probably not very cold in the winter, either—

the thermal boundary is ambiguous. If you use 

it for anything besides storage, or if you are 

planning to finish all or part of the basement 

later, I recommend insulating the foundation 

Slab floors that are 
more than a few feet 
below grade don’t cause 
much heat loss, but they 
stay cool in the summer 
due to ground contact. 
These surfaces become 
magnets for condensa-
tion in humid weather. 
For this reason alone, a 
slab floor may well be 
worth insulating.

trade
secret

The surface of this unin-
sulated slab floor stays 
damp from condensation 
for most of the summer.

A recipe for mold 
and rot: wood studs 

and fiberglass 
against an uninsu-

lated concrete foun-
dation wall. Humid 

basement air can 
condense on the cool 
surfaces and damage 

the wall in front, ­
or behind and out ­

of sight. 

Instead, insulate behind the studs 
with 2-in. polystyrene insulation. 
The wall is then insulated with 
fiberglass batts, and finished with 
non-paper-faced drywall. 

This foundation wall 
was insulated with 
taped XPS installed 
above the dimple mat. 
Sealed at the bottom 
and top with canned 
foam, the XPS can 
drain under the mat.
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People sometime worry 
if insulating a foundation 
will increase frost in the 
ground and damage the 
wall. It’s safe: Frost 
heave is always in the 
direction of heat flow, 
and an insulated base-
ment is warmer than the 
ground.

PROTIP

Insulate foundation 
walls with rigid foam, 
sealed carefully to pro-
vide an air barrier and 
vapor control. Cover the 
foam with 1⁄2-in. drywall 
or wood studs.

INDETAIL

Moisture condenses on 
the cool foundation wall.

Studded foundation wall 
with fiberglass insulation batts

Humid indoor air leaks 
into the wall through 
cracks and gaps.

The concrete wall is colder 
because of insulation.

Warm air leaking 
into floor joist bays

Drywall

Carpet

Basement Condensation 
Foundation walls are often cool, and they get cooler 
when they are insulated. If indoor air can circulate 
past the insulation, it is more likely to cause condensation 
on the foundation wall. The resulting damp conditions 
can contribute to smelly and unhealthy mold growth.

BASEMENT CONDENSATION

A common way to finish basement spaces 
is to build an insulated stud wall and glue 
carpet to the floor. This can result in a mois-
ture and mold disaster: The finish materials 
keep the concrete surfaces cooler, and when 
humidity from the indoor air reaches these 
surfaces it can condense. The wood, carpet, 
and paper backing on the drywall all retain 
moisture and provide nutrient sources for 
mold growth.

Most of the heat loss in a foundation wall 

occurs near the top of the wall, where it’s 

exposed to outdoor temperatures, but I recom-

mend insulating the entire wall. The cost to 

insulate the entire wall is not much more than 

doing just the upper half. Also, if you insulate 

and finish the entire wall, you will have a much 

nicer finished space in the basement.

I recommend a minimum insulation value of 

R-10 (2 in. of XPS or closed-cell polyurethane 

foam). In cold climates with full basements, you 

can double the R-value with a 2×4 wall built 

inside the foam and insulated with batts. Either 

way, install the foam against the wall, then build 

a 2×4 stud wall just inside to hold the drywall in 

place. Code requires that the drywall must not 

depend on adhesives for its attachment to the 

foam insulation.

As an alternative to building an entire stud 

wall, you can install 1×3 vertical furring strips 

to hold the foam in place and provide a base for 

attaching the drywall. The wood furring must 

be mechanically attached to the foundation wall 

with powder-actuated nails or concrete screws. 

Make sure the fasteners are long enough to pass 

through the foam board and furring and attach 

reliably to the foundation wall. Then the drywall 

can be screwed directly to the furring strips.

Basement Finish Materials
If you are trimming finished basement walls with baseboard, consider installing molded 
vinyl or a fiber-cement product to help protect them against moisture and mold. Instead 
of paper-faced gypsum board, use a non-paper-faced board such as Georgia-Pacific 
DensArmor Plus® interior panel, Temple-Inland GreenGlass® interior board, or National 
Gypsum e2XP® Interior Extreme. Don’t be fooled by “moisture resistant” paper-faced 
board-mold likes green paper just as well as grey paper (see the bottom left photo 
on p. 16).
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Better Foundation Retrofits
A good insulation job can actually fix a basement moisture 
problem that you may not be able to solve by improv-
ing exterior drainage. Spraying 2 in. to 4 in. of closed-cell 
foam on the walls over a polyethylene membrane allows 
leaking water to drain around the perimeter; the foam 
controls both condensation and air flow. The wall can 
be finished with studs and drywall, but avoid moisture-
sensitive materials: use fiberglass-faced, not paper-faced, 
gypsum board.

You must also drain any water that reaches the footing: 
It’s best to add an interior perimeter drain (6 in. deep by
6 in. wide is plenty for most basements). Fill it with 
washed stone and drain it to daylight or a sump pump. To 
finish an existing slab, start with a dimpled polyethylene 

underlayment designed for the purpose (see photos on 
pp. 88–89). Lay the dimple mat down before you insulate 
the walls. Carefully tape any seams, and seal the wall 
insulation right to the edges. This will provide a complete 
air- and vapor-tight seal, so ground moisture stays outside 
the wall and floor, while the underside of the dimple mat 
allows drainage. Some finished flooring (such as interlock-
ing laminates) may be installed directly over the dimple 
mat; check the flooring manufacturer’s recommendations. 
I prefer to add at least 1 in. of insulation, which usually 
requires an additional subfloor layer on top, but this can be 
omitted if height is critical.

Dig out interior perimeter drain; install filter fabric, washed 
stone, and drain pipe pitched to sump pit or drained outside 
to daylight.

If pouring a new slab, install XPS underneath; if existing slab, 
build up floor on top with dimple mat, after installing drain 
membrane and before spraying foam. Foam seals edge of 
dimple mat to membrane.

A Better Basement Retrofit
If you can’t fix the water leaking into a basement or crawlspace by improving the 
drainage from the outside, this approach lets the water drain inside the foundation wall 
without getting into the basement. The sprayed foam acts as an air and vapor control 
layer, keeping the interior warm and dry year-round, while water drains to the exterior.

Existing wall (stone, 
brick, block, or poured 
concrete)

Drainage membrane (cross-laminated or 12-mil 
polyethylene). It’s best to jack up sill and continue 
membrane underneath as capillary break. If founda-
tion wall extends above grade > 2� wall thickness, 
top of membrane may end slightly above grade. 

2-in. to 4-in. closed-cell polyurethane foam 

Steel- or wood-framed stud wall (no need for insula-
tion); if wood, use pressure-treated bottom plate.

Non-paper-faced gypsum board
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Improving  
Existing  
Windows
p. 103

Replacing  
Windows
p. 98

Window  
and Energy 
Basics
p. 94

Over the past decade, updated energy codes, 

rising energy prices, and improved technologies 

have given us much better windows at affordable 

prices. Aren’t replacement windows always a great idea? The 

short answer is, not as much as most people think. Windows 

are expensive. Air-sealing, insulation, duct-sealing, and other 

thermal measures almost always save more energy for less 

investment.

If and when you do choose to replace your windows, don’t 

spend your money on relatively cheap replacement windows. In 

this chapter, I’ll show you how to select the right windows. You 

will see that one size does not fit all: The best window specifi-

cations vary according to climate. Finally, I’ll show you how to 

improve the thermal performance of your existing windows, with 

minor upgrades or a major overhaul. 444

windows

1



w i n d o w s­94

Window and Energy Basics
Of all the systems in our homes, we probably 

expect the most of windows. They are constantly 

forced into compromise: We want them to let 

light in, then we add shades to keep light out. 

We need them to keep air and rain out, then we 

want to open them to let in air and add screens 

to keep insects out. They need to keep heat in 

during the winter and out during the summer. 

And we want them to keep intruders out, yet 

they need to serve as a speedy emergency egress. 

It’s no wonder that windows end up being 

expensive to buy and maintain.

The lure of ­
replacement windows
Replacement-window manufacturers and 

installers often sell their products with the sug-

gestion that new windows will reduce your 

heating and cooling bills by a large amount. In 

certain cases, big savings are theoretically pos-

sible, but it is rare to find a situation where that 

is realistic. In a typical Northern house, windows 

account for about 20 percent of annual energy 

costs. You can’t save what you don’t use: Even if 

you replaced them all with fully insulated walls, 

you couldn’t save more than 20 percent.

I have seen people replace old single-pane 

and storm combination windows with cheap 

double-pane units, only to have their energy bills 

(and street noise) actually increase. Fortunately, 

energy codes have essentially made clear double-

glass windows illegal to install in most areas. But 

even if you buy replacement low-e windows 

at a good price and install them yourself, the 

payback is likely to be 20 years or more. If you 

Replacement windows 
usually don’t pay for 
themselves in energy 
savings. But once a house 
has had air-sealing, insu-
lation, and duct-sealing, 
the energy costs associ-
ated with windows make 
up a proportionately larg-
er percentage of the total 
energy dollars. At that 
point, window improve-
ments may make more 
economic sense.

INDETAIL

Where Your Energy Dollars Go

As the chart shows, in a typical Northern house windows may account for a bit more than 20 percent of the annual 
heat bill. Replacing them with code-minimum double-low-e windows may save 11 percent of your heating bill, but at 
a cost of several thousand dollars. High-end triple-glazed low-e might save more like 15 percent. Because windows 
drive so much of cooling loads, you might do better in the South: Replacing single pane, metal-framed windows with 
high-end low-solar-gain units may save 20 percent of your total heating and cooling costs.

Northern house (Chicago) heating $ Southern house (Dallas) cooling $

SOUTHERN HOUSE NORTHERN HOUSE

Doors, 3%
Ducts,
 8% Windows, 

22%

Walls, 
20%

Leaks, 
16%

Roofs, 
16%

Foundation, 
15%

SOUTHERN HOUSE NORTHERN HOUSE

Windows, 
30%

Ducts,
 28%

Walls, 
10% Leaks, 

12%
Roofs, 
11%

Slab, 
8% Doors, 1%
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pay someone to install replacement windows, it’s 

more likely to be 40 years or more, far longer 

than the expected service life of the windows 

themselves. In short, the benefits of replacement 

windows are often overstated. If you’re buying 

replacement windows, you need to do your 

homework: Windows are expensive, and buying 

the wrong ones can be a costly mistake.

Types of windows
Up until the 1960s, standard windows in the 

United States were built with a single layer of 

glass. In cold climates, they were often accom-

panied by storm windows. Since then, standard 

fare in cold climates has been a sealed double 

layer of clear glass, commonly called insulated 

glass. Today, homes with one layer of single-pane 

glass are relatively rare in the cold-climate areas 

of the United States.

The insulated glass used in most residential 

windows is made of two layers of glass separated 

by a metal spacer and sealed to keep out mois-

ture. But not all insulated glass windows are the 

same: Most of the improvements in window 

technology over the past two decades are practi-

cally invisible, but the energy performance from 

window to window can vary a lot.

Most significant energy features fall into three 

categories: improvements in the glass, or glazing; 

improvements in the spacers at the edge of the 

glazing; and improvements in the sash and frame 

materials. Glazing improvements can be further 

divided into two categories: reductions in heat 

transfer and control of solar heat gain.

Energy-efficient features, such as low-e 

coatings, warm-edge spacers, and thermally 

improved frames, can improve window perfor-

mance significantly, but they can also be con-

fusing. The frame material matters: Aluminum 

frames, which are inexpensive and durable, per-

form poorly in cold climates but are acceptable 

in warm climates when they include a thermal 

break. Wood, vinyl, and fiberglass frames conduct 

less heat, so they help you keep it in (or out).

Low-e coatings and gas fills
Two window technologies that are common-

place today are low-e coatings and gas fills. 

Low-e coatings help save energy in all climates 

by controlling the amount of solar energy that 

passes through them and decreasing the total 

amount of heat transfer. This virtually invisible 

coating is applied to one of the inner surfaces of 

the sealed double-glazed unit. Low-e windows 

also have warmer indoor surface temperatures in 

If you are buying new 
windows, get the best 
ones that you can afford. 
But don’t buy replace-
ment windows just  
for energy savings.

protip

Some replace-
ment windows 
can be installed 
without having to 
replace the inte-
rior or exterior 
trim. Although 
these new win-
dows may look 
and perform 
better than the 
old ones, don’t ­
be lured by a 
promise of big 
energy savings.



w i n d o w s­96

One thing to consider 
when buying new win-
dows is the quality of the 
edge seals. Pay attention 
to the manufacturer’s 
warranty, which should 
give you some idea as to 
how long the seals will 
last. Well-designed and 
-constructed edge seals 
should last 20 years or 
more. When the seals 
fail, moisture and dust 
get in between the panes 
of glass, giving them a 
cloudy appearance.

whatcan
gowrong

The death knell of any 
sealed glazing unit is the 
failure of the edge seal, 
which allows moisture 
and dust to migrate into 
the space between the 
glass layers, resulting in 
a cloudy appearance.

winter (and cooler in summer), making indoors 

more comfortable year-round.

Gas fills—typically argon or krypton—replace 

the air that would normally be between the layers 

of glass. Usually added to low-e windows, these 

nontoxic inert gases further decrease the amount of 

conducted heat, primarily a heating-season benefit.

Advanced windows
A number of other window features that are rela-

tively new to the market are gaining a foothold in 

the industry. Some of them, such as warm-edge 

Long-wave 
heat energy is 
reflected, which 
helps keep out 
summer heat.

Low-e glass reflects 
heat to the interior, 
reducing heat loss 
and helping keep 
heat inside.

Some of the short-
wave energy passes 
through the Low-e 
coating, heating 
the room inside. 

In hot climates, low short-wave 
transmission is best for reducing cooling 

loads. In winter, higher transmission is 
better for increasing solar gains.

A Low-e coating on glass reflects heat, reducing conductive 
heat transfer. The amount of short-wave energy the glass 
should transmit depends on your climate. Low-e coatings 
also reduce ultraviolet (UV) rays, which fade furnishings.

Indoors

Outdoors

Low-e Glass Reflects Heat, 
Saving Heating and Cooling Energy

Low-e Glass Reflects 
Heat, Saving Heating ­
and Cooling Energy

A low-e coating on glass reflects heat, reducing heat 
transfer. Low-e coatings also reduce ultraviolet (UV) 
rays, which fade furnishings.

In cold or mixed climates, most homes with 
older single-pane windows probably have 
some variation of this triple-track aluminum-
frame storm window.

Most new windows 
are made with 

sealed, double-glass 
units. The metal 

edge spacers ­
conduct heat and 

are a thermal weak 
link in the design of 

a window.
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high-quality sashes and frames and a system that 

allows easy replacement of the sealed glazing. 

Then, when the edge seal eventually fails, you 

(or the future owner) can replace the glass easily. 

There’s a good chance that today’s super-high-

performance glass will be mainstream by then. 

If you are able to buy high-performance glass 

now, consider a third layer of glass instead of a 

suspended film: The jury is still out on whether 

films will last for decades without visible distor-

tion or sagging.

spacers, are finding applications in a wide variety 

of products. Others, including multiple layers of 

heat mirror film and insulated fiberglass frames, 

previously only found in premium products, 

are starting to join the mainstream—though for 

most manufacturers they are still typically “special 

order” options. In general, depending upon the 

climate in which you live and the climate-specific 

features of the windows, my advice is to buy the 

best windows that you can afford.

Also consider the long-term view: If you 

can’t afford super glass now, buy windows with 

Most energy codes 
apply not only to new 
construction and addi-
tions but also contain 
energy requirements for 
remodeling and replace-
ment windows. Current 
codes require a maxi-
mum U-factor of 0.35 for 
all newly installed win-
dows in climate zones 
4–8. In hot climates, the 
U-factor requirements 
are higher but there is a 
maximum SHGC of 0.3. 
Upcoming revisions to 
the code are even more 
stringent; it’s always a 
good idea to check with 
your local building offi-
cial to make sure.

according
to code

This fiberglass frame conducts much less 
heat than vinyl and wooden frames do, and 
it is more dimensionally stable, too. This 
Canadian-made sample has a third layer of 
glass, instead of plastic film.

Layers of heat mirror film 
have low-e coatings embedded 
in them to further enhance 
the unit’s performance.

Low-e coating on 
inner surface of glass

The spaces between 
glass and film are 
filled with argon or 
krypton gas to 
improve 
heating 
perform-
ance.

Exterior glazing

Interior glazing

Desiccant

Steel spacer

Warm-
edge 
spacer

Sealant

Heat mirror glazing systems usually contain one or two 
layers of plastic film suspended between two layers of glass. 
The plastic film has an additional low-e coating embedded 
in it, but the film is much lighter and thinner than additional 
glass layers would be. These windows usually have warm-
edge spacers, an alternative to the standard heat-
conducting metal spacers.

Anatomy of a High-Efficiency Window

Anatomy of a ­
High-Efficiency Window

Low-e windows can 
significantly reduce heat 
loss in winter and heat 
gain in summer, making 
your home more comfort-
able year-round.

protip
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In northern and mixed 
climates, south-facing 
windows can provide free 
heat gain in winter, while 
adding little to the cool-
ing load in summer, when 
the sun’s angle is high.

PROTIP

windows, you need to consider function (day-

light, glare, egress, ventilation, and maintenance); 

aesthetics; energy performance (heat loss, UV 

transmission, condensation control, comfort, and 

solar gain); and warranty.

I will not say much about the non-energy 

qualities of windows, other than to point out 

that investments in maintenance features—such 

as cladding on wood windows, fiberglass frames, 

or tilt-out sashes for easy cleaning—can easily 

pay for themselves with saved hassle and expense. 

The values of aesthetics and manufacturers’ war-

ranties speak for themselves. For all those cri-

teria, as with most products, you get what you 

pay for—with windows, at least as much as with 

other products, it is worth buying the best you 

can afford.

As for energy performance, consider an 

Energy Star® rating to be the minimum per-

formance level for any climate in the United 

States. This will typically mean low-e glass and 

nonmetal frames for most of the country, though 

metal frames with a thermal break may meet the 

criteria in the EPA’s “southern” zone.

Beyond those guidelines, the two primary 

characteristics to consider are a window’s 

U-factor and solar heat gain coefficient (SHGC). 

In cold climates, you should generally buy the 

lowest U-factor you can find—that will save 

you the most on heating costs. In those cases, 

gas fills are generally desirable, and extra layers 

of glazing or heat mirror film are even better, if 

you can afford them. Try to avoid products with 

a U-factor above 0.30; the best products on the 

market are rated between 0.10 and 0.15.

In hot climates, the U-factor is secondary to 

SHGC—in those cases, buy the lowest SHGC 

available to reduce air-conditioning loads. Tinted 

glass or spectrally selective low-e coatings help 

reduce unwanted heat gain without impacting 

Replacing Windows
Window replacement rarely makes sense from 

purely an energy perspective. If you have already 

improved your insulation, performed air- and 

duct-sealing, and have moderately to highly 

efficient heating and cooling equipment—all 

of which are typically more cost-effective 

upgrades—windows are likely the last weak link 

in the thermal performance of your house.

Of course, there are many other reasons to 

replace windows. Ease of cleaning and mainte-

nance, aesthetics, damage or rot on the existing 

windows, and general remodeling are all non-

energy-related factors that contribute to the 

value of window replacement.

Choosing windows
Determining the right combination of window 

features and price is a complex undertaking, 

which is further complicated by climate dif-

ferences. Broadly speaking, when you choose 

Climate Matters
For a house in Orlando, Florida, with typical single-
pane aluminum windows, more than half of the 
cooling bill may be due to the windows. Changing 
to clear, insulated glass (still with aluminum frames) 
will save less than 5 percent on annual cooling 
costs. On the other hand, replacing them with vinyl 
frames and low-e insulated glass may save 20 per-
cent or more on the cooling bill.

If you are considering upgrading your air-
conditioning system, you may first want to upgrade 
your windows. Window performance has a large 
impact on cooling loads, and thus on an air condi-
tioner’s size (see “Air-Conditioning”). If you select a 
new or replacement air conditioner based on regular 
glass and later change to low-e glazing, the air con-
ditioner will be bigger than it needs to be. If, on the 
other hand, you change the glass first, you can save 
money later by installing a smaller air conditioner.
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visibility. Try to select products with SHGC rat-

ings below 0.3; the lowest-rated products have 

an SHGC of about 0.2.

In a cold or mixed climate, you’ll want to 

compromise between U-factor and SHGC. 

Generally, a low U-factor combined with a 

low SHGC is desirable. People often ask about 

solar gain, especially in cold climates: South-

facing windows provide free heat in winter, 

so why would I want to reduce the SHGC? 

The simple answer is that as long as you get 

a lower U-factor, the lower SHGC is usually 

worth it. The reduction in solar gain is typically 

South-facing windows 
are a great benefit in cold 
climates, providing free 
heat and ample light in 
winter, but some houses 
have far too much. The 
southern glass area 
should not exceed 7 per-
cent to 8 percent of the 
floor area of the house, 
unless you have carefully 
designed thermal mass 
to absorb the excess 
energy. If there is too 
much south-facing glass, 
the space will overheat 
when the sun shines, 
and the excess glazing 
will add to heat loss at 
night and on cold, cloudy 
days. Very low U-factors 
with low SHGC can com-
pensate, but it’s better 
(and cheaper) to replace 
excess glazing with insu-
lated walls.

WHATCAN
GOWRONG

This south-facing over-
head glass provides free 
passive solar heat, but it 
overheats the room when 
the sun shines and loses 
too much heat when the 
sun doesn’t.

A tilt-out sash is one useful feature found in 
many replacement windows.

NFRC Window Label
The National Fenestration Rating Council (NFRC) is a non-profit, public/private organization 
created by the window, door, and skylight industry. The NFRC has established a voluntary 
national energy-performance rating and labeling system for fenestration products, which is 
typically the best way to compare energy performance of windows. The label can be found 
on virtually all new windows, and the equivalent information is in manufacturers’ catalogs. 
Note that the numerical values shown are for the entire window unit, including the glass, 
sash, and frame (this is why SHGC and visible transmittance [VT] are often lower than you 
would think—they represent the whole unit, and not only the glass). These standardized 
values make it easy to do energy calculations for any window of known frame dimensions.

Condensation resistance (CR) is optional 
on the label. CR is a relative rating, from 0 
(no resistance) to 100 (high resistance).

The “U-factor”
(U = 1/R) repre-
sents conductive 
heat loss—smaller 
is better. U-factor 
is especially impor-
tant during the 
heating season.

SHGC is the amount 
of solar radiant heat 
that gets in through the 
window. Lower SHGC 
reduces summer cool-
ing, but also decreases 
beneficial solar gain 
in winter. For mixed 
and hot climates, low 
SHGC is a plus.VT is a measure 

of how much 
visible light 
gets through. 
VT includes the 
frame.

Air leakage (AL) is 
optional on the label. 
It shows how much 
air will pass through a 
window per square foot. 
Lower AL ratings mean 
more energy efficiency 
in all seasons.
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and gas utility rates, which are likely to be differ-

ent from the defaults supplied.

Alternatively, you can hire a certified building-

performance consultant to help calculate the 

cost-effectiveness of various options. These 

professionals are more likely to understand the 

nuances of U-factor and SHGC (and are less 

likely to be biased) than the average window-

replacement salesperson or website.

Replacement sashes
When you do decide to replace your windows, 

there are two basic approaches: replacing the 

entire window, including the frame, or replacing 

just the sash. Sash replacement is usually accom-

plished with a unit that includes a new frame to 

carry the replacement sash. The frame fits in the 

pocket between the old stops. This approach is 

less expensive and involves a lot less trim work, 

but most products are limited to double-hung 

more than offset by the reduction in heat loss 

during all the winter hours that the sun isn’t 

shining. If you live in a cold climate and don’t 

have air-conditioning, it is certainly desirable 

to get higher SHGC combined with the lowest 

U-factor you can. But if you do have air- 

conditioning, the higher SHGC will just come 

back to bite you in the summer.

If you really want to optimize your window 

choices, get some help calculating the benefits 

of different options with free window-energy 

software called RESFEN (available free online at 

windows.lbl.gov/software/resfen/resfen.html). 

The detailed calculations are slow, but the inputs 

are fairly simple. RESFEN provides results in 

annual heating and cooling dollars attributed to 

your windows, so you can compare the differ-

ences between product costs and likely annual 

savings and calculate your payback period. Be 

careful to accurately input your actual electric 

Don’t try to second-
guess the downsizing 
adjustment between  
the inside dimensions 
of an existing window 
frame and the frame 
dimensions of the 
replacement sash or 
pocket. Buy window kits 
from a reputable dealer 
who is experienced in the 
replacement business 
and let him or her do the 
figuring. Otherwise, you 
may end up with gaps 
that are too big to be cov-
ered by the trim, and lots 
of headaches.

whatcan
gowrong

EPA’s Energy Star Window Regions

The U.S. Environmental Protection 
Agency rates windows for better-
than-average performance in four 
climate areas.

The basic requirements for Energy 
Star windows include: U-factor of 
0.3 or less (Northern); U-factor  
0.32, SHGC  0.4 (North-Central); 
U-factor  0.35 and SHGC  
0.3 (South-Central); or U-factor  
0.6 and SHGC  0.27 (Southern).  
EPA also has criteria for doors 
and skylights. Remember that the 
Energy Star program sets a mini-
mum standard; significantly higher 
efficiency levels are definitely avail-
able. Like the building code, these 
values are regularly updated.
For more information, see www.
energystar.gov/windows. 

Northern

North-Central

South-Central

Southern
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latter case, you may need significant structural 

repairs as well. Check the old frame carefully for 

moisture damage, and remember that a damaged 

sill can indicate that water has leaked into the 

wall beyond the window frame.

If you are replacing old double-hung win-

dows that have rope-and-pulley sashes, be sure 

to remove the old steel weights and insulate the 

pockets before installing the new windows. One 

way to do this is by pulling a length of fiberglass 

batt into the pocket. If you are removing the old 

trim, seal the pockets with low-expansion foam. 

Be careful not to fill too much, because it may 

distort the frames.

As you insert the frames, carefully follow 

the manufacturer’s instructions for shimming 

and supporting them, and be sure to carefully 

caulk any gaps between the new frame and the 

old before installing the trim. Don’t use foam 

between the frames unless the new frames are 

styles. If you choose that approach, keep in mind 

that the added frame thickness will reduce the 

glass area and view somewhat. Some kits include 

only the sash, jamb liners, and hardware, without 

the integral frames. They are trickier to install 

well, though they tend to look more like origi-

nal windows.

You must accurately measure the dimen-

sions of the existing frames, then order replace-

ment units that will fit properly. Check both the 

height and the width in several places, in case 

the jambs are not parallel, and use the shortest 

distance for ordering purposes. If the existing 

window frames are badly out of square, 

replacement-sash or pocket kits will never fit 

properly. If the side frames are bowed inward, it 

may indicate that the window frame is carrying 

building loads from above due to inadequate 

header support. Either of these conditions 

requires replacing the entire window; in the 

Many replacement windows can be 
set into the existing window frame, 
minimizing disruption to the inte-
rior and exterior trim. If you are 
replacing only the sash, you can use 
a short length of rope and snake 
a strip of fiberglass batt into the 
weight pocket.

Some people are con-
cerned about argon gas 
leaking through glass 
and wasting their invest-
ment, but this is largely 
a myth. Studies have 
shown that the vast 
majority of gas loss is 
due to poor design or 
assembly of the edge 
seals. In well-built units, 
gas loss results in just a 
small-percentage change 
in the window’s perfor-
mance over a 20-year 
lifetime. By the time the 
seals fail and fill the unit 
with moisture the win-
dow is junk; no one will 
care about the perfor-
mance of the gas fill.

trade
secret
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Tucking in a strip of fiberglass helps ensure 
a good fit, but the gap must still be caulked 
afterward to make an airtight seal.

Before attaching the stops, caulk the frame 
of a new window to the old frame to ensure a 
good, airtight seal.

Drafty Windows
Most people assume that their windows 
leak through the spaces around and 
between the sash. Some windows do 
leak pretty badly; old, rattling double-hung 
or aluminum horizontal sliders tend to 
be among the worst. (Jalousie windows 
are the worst: They don’t even count as 
windows. I consider them vents, and 
they should never be part of the thermal 
boundary of a house.) Often, the space 
between the window and the rough open-
ing needs to be sealed. This space is nor-
mally covered by casings on the interior 
and the exterior, and, depending on how 
tight the casings are, can leak through 
that area. If you aren’t otherwise remov-
ing the trim, the easiest way to seal those 

When foaming around a new window, be sure to use a light touch (left), or you’ll 
end up with problems. The window opening shown at right was sealed with low-
expanding foam, but the space was so large that the foam distorted the window 
frame as it cured. This window may need some remedial work to open.

leaks is to caulk the casings where they 
meet the wall and the jamb—use paintable, 
siliconized acrylic caulk. If you are replacing 
windows or removing the trim for any other 
reason (or if it’s easy to remove), use low-
expansion foam.

It is a misconception that insulation 
R-value is important here. Rather, the priority 
is to stop the air from leaking. I have seen 
instructions that suggest it is important to 
tuck little tufts of fiberglass gently into the 
jamb space, but they will do nothing to stop 
air flow. Instead, use low-expansion foam 
and make sure it bridges the gap completely. 
Be careful not to use too much foam; if the 
gap is large, first fill most of the space with a 
piece of rigid-foam insulation first.

Replacing an entire 
window frame offers you 
the opportunity to inspect 
the framing, correct water 
damage, and air-seal the 
new window frame.

PROTIP

When setting a 
replacement win-
dow in place, have 
a helper on hand. 
Replacement units 
that don’t have nail-
ing flanges or trim 
attached can acci-
dentally push right 
through the opening 
and fall out the other 
side. As always, 
use caution when 
working on ladders. 
To get a window to 
an upper story (if 
you can’t set it from 
inside), set up two 
ladders and have a 
helper carry the win-
dow up with you.

S A F E T Y 
F I R S T
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trouble if you are also doing major renovation 

work on the interior or exterior.

If your existing windows are horizontal slid-

ers, casements, or awning units, replacing the 

entire window will likely be your only option. 

However, existing double-hung windows can 

be replaced with a different-style unit to change 

the feel of the house or increase or decrease 

the view opening (for information on installing 

new and replacement windows, see Windows and 

Doors, by Scott McBride, a companion volume 

in the Taunton Press Build Like a Pro® series).

Improving  
Existing Windows

Short of replacing windows, you may be able 

to improve their performance significantly—

and for a lot less than it would cost to replace 

them. The strategies for improving windows in 

the following section apply mostly to cold and 

mixed climates. For information on improving 

window performance in hot climates, see  

pgs. 107, 141–143.

On one end of the spectrum are the plastic 

interior storms that you can shrink-wrap onto 

windows with a hair dryer, as well as the reus-

able types with a plastic zip strip. Those “renter’s 

very sturdy and well supported. If the gaps are 

large, tuck in backer rod to fill the spaces, and 

then caulk.

One detail that is especially important is the 

flashing of any new window frame, which keeps 

any wind-driven rain that gets past the siding 

or leaks in the window frame from seeping into 

the wall cavity. You may only be able to flash 

properly if you replace the entire window (see 

pp. 189–190). Also, pay attention to the instruc-

tions for trim installation and exterior caulk-

ing details. For example, the gap where a new 

sill sits on top of the old one is generally left 

unsealed to allow any water that penetrates to 

drain freely.

Installing new windows
Replacing the entire unit, jamb and all, offers 

some advantages over sash replacement. 

Foremost, new units often let in more light, 

because they don’t have the extra frame thick-

ness that’s common with replacement units. 

Although replacing the frame requires a lot 

more trim work, it’s also an opportunity to get a 

good look at the house’s framing to see whether 

there is any damage from leaking water. It is also 

much easier to seal weight pockets when the 

interior casing has been completely removed. 

Of course, adding new trim is significantly less 

Before installing 
adhesive vinyl v-seal 
weatherstripping on your 
windows, make sure the 
surfaces are as clean as 
possible. Don’t depend on 
the adhesive to hold it in 
place. It’s a good idea to 
drive a few light-gauge 
staples every 12 in. or so 
(through only the back 
half). The upper sash 
may already be painted 
shut; if you don’t need to 
use it, you can caulk it 
around the edge.

trade
secret

Don’t depend on the 
adhesive to hold this 
weatherstripping in 
place. Peel it back and 
staple the backing to the 
frame every 12 in.

This spongy foam rope, called backer 
rod, can be used to fill large gaps 
between a window frame and the 
rough opening before caulking. 

In old double-hung windows, the spaces in 
which the counterweights run tend to be 
drafty. If you are remodeling, the pockets can 
easily be sealed with spray foam.

i m p r o v i n g  e x i s t i n g  w i n d o w s
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storm windows” are cheap and are moderately 

effective for old, rattling single-pane windows, 

but they are not very practical or aesthetically 

pleasing. In many cases, older windows can be 

successfully weatherstripped, and adding storm 

windows can be a cost-effective improvement if 

your budget rules out replacement windows.

Improving old 
double-hung windows
The classic rope-and-pulley double-hung wood 

window is an elegant design that is simple, func-

tional, and repairable. In a drafty, uninsulated 

house, they provide light, views, and ventilation 

without appreciably affecting the house’s energy 

performance. But as the years pass, the wood 

sashes loosen and layers of paint disrupt their fit 

and operation. Once you effectively insulate and 

air-seal the building, they can become a large 

energy liability.

Interior plastic storm 
windows may save some 
energy, but they don’t do 
anything for a house’s 
value or appearance. 
This one is reusable.

Installing a pulley seal 
over the rope and pulley 
of old double-hung win-
dows is one way to save 
a little bit of energy, and 
it is inexpensive and 
easy to do.

Adhesive vinyl v-seal weatherstripping can 
be applied to a window frame to reduce air 
leakage. Cut the weatherstripping to fit, press 
it in place between the sash and the frame, 
and peel the paper off the adhesive backing 
around the edge of the window.

A Window Makeover
If you have an older house with original 
wood windows, consider giving them a 
serious overhaul instead of replacing them. 
Many old wood windows are made of 
tough, Southern yellow pine and have tre-
mendous heritage value—especially if they 
are in a historic district or home.

Bi-Glass® (www.bi-glass.com) is an 
example of a comprehensive window-
restoration system that preserves exist-
ing sashes and frames while updating to 
modern efficiency standards. With a system 
like this, you may even be able to retrofit 
triple or heat-mirror glazing into your exist-
ing windows at a price that’s closer to a 
standard replacement window—and save 
that beautiful woodwork from the landfill.

The Bi-Glass system uses a router to make 
room for modern glazings in any size and 
shape of sash. The system includes options 
for complete hardware replacement, new 
hidden balance systems, and new high-
quality weatherstripping.



­105i m p r o v i n g  e x i s t i n g  w i n d o w s

house, and they increase the hassle of window 

cleaning and maintenance. But low-e storm 

windows can make an even bigger dent in your 

energy costs, and they are relatively inexpensive.

Storm windows have been around since the 

19th century. Typically, they were fixed panels 

that were installed seasonally on the exterior 

of windows. That approach is still an option; 

a skilled do-it-yourselfer with a decent shop 

can probably make them for less than the cost 

of triple-track aluminum storm windows, and 

they will look better. However, they aren’t as 

flexible. They must be installed and removed 

every winter and stored somewhere during the 

summer. If you do decide to make storm panels, 

try to get hard-coat low-e glass for better per-

If you aren’t ready to replace them, rattling 

window sashes can be tightened with leaf-type 

or v-seal weatherstripping and pulley seals. In 

many cases, simply removing excess paint so that 

the sashes meet properly and the sash locks work 

can make a big difference in their performance.

Storm windows
Adding storm windows to single-pane glass 

will reduce the heat loss through the windows 

by about half, in addition to reducing interior 

condensation and frost, so this project is a good 

choice, especially if your primary windows are 

in very good shape. Storm windows are gener-

ally not as attractive as replacement windows, 

they don’t add as much to the resale value of a 

New storm windows 
won’t save as much  
energy as new, airtight, 
low-e replacement win-
dows, but their cost is 
relatively low.

protip

For years, passive solar 
and energy-efficiency 
guides have advocated 
the use of movable insula-
tion to reduce nighttime 
heat loss. Effective when 
used properly, movable 
insulation saves energy—
but at the price of human 
energy. Insulation also 
cools the glass, so it must 
fit snugly; if indoor air 
touches the cold glass, 
condensation can result. 
Panels must be stored 
during the day; insulating 
shades on roller tracks are 
finicky and often fail.

INDETAIL

An exterior storm sash (left) is still a viable option, particularly for a traditional home. The 
holes at the bottom are vents to let moisture escape, and they are mostly covered by an adjust-
able stop. Clip-on storm panels (right) with aluminum- or vinyl-edge trim can be permanently 
installed over fixed picture windows and casement windows.
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to weather or handling, but special hard-coat 

low-e coatings are used for single glass such as 

storm windows. When installing storm windows, 

follow the manufacturer’s instructions carefully, 

and don’t use any glues or sealants until the 

frame is screwed firmly in place and you verify 

that all the sashes and screens operate smoothly.

It’s important to allow for venting any mois-

ture that gets between the primary window and 

the storm, to avoid condensation on the inside 

surface of the storm window in cold weather. In 

practice, this means that the storm window must 

be at least a bit leakier than the primary window. 

Therefore, if your primary window is very leaky, 

you will need to improve the weatherstripping, 

or the storm may cause problems. Controlling 

indoor relative humidity during the winter can 

also help, because that reduces the amount of 

moisture in indoor air.

Other strategies to improve cold-
weather window performance
A number of other strategies can improve 

window performance beyond the installation of 

low-e storms. In cold climates, cellular shades, 

drapes, or movable insulation can reduce heat 

loss in winter, provided they are tight-fitting all 

around the window frame. If you are diligent, 

night insulation can be very effective, but few 

people want to move insulation panels twice a 

day. However, modern insulating cellular shades 

are easy to move and provide a significant boost 

to night-time R-value. A nice, top-down/

bottom-up shade can be expensive (at least $250 

per window) but provides multiple benefits: a 

very flexible combination of view, light, privacy, 

and efficiency. For locations where privacy is 

less critical, bottom-up cellular shades are more 

affordable.

formance. It’s a special order from a glass shop, 

but the better performance is worth the trouble 

and some extra cost.

Large picture windows and other fixed-sash 

glass may also be treated with permanent, fixed 

storm sashes. In very large openings, Plexiglas®, 

acrylic, or polycarbonate may be more affordable 

than glass, which must be tempered for safety. 

And the only way to add storm panels to case-

ment or awning windows is with clip-on panels 

that open and close with the sash.

Today, most people who install storm win-

dows choose triple-track aluminum combina-

tion units, with movable sashes and screens all in 

one package. If you do invest in those windows, 

go out of your way to find units with low-e 

glass. Regular low-e coatings used in double-

glass windows are soft and can’t be exposed 

Loose Curtains Increase Heat Flow

A loose-fitting curtain can actu-
ally increase window heat loss: The 
space behind the curtain is cooler 
than it would be without the cur-
tain, lowering window temperature, 
accelerating the convection air cur-
rent, and increasing condensation. 
Ghost drafts also occur even with 
no curtain at all. A tight-fitting shade 
or curtain can eliminate these prob-
lems and actually reduce heat loss.

Warm air is 
sucked in near 
top of room.

Curtain doesn’t fit tightly against 
window frame; spaces at top and 
bottom allow air to flow past.

Cool air falls and bounces off window sill into 
room, creating “ghost draft,” even though no  
outdoor air is moving through the wall or sash.

Effective caulking eliminates 
leakage at window frame.



­107i m p r o v i n g  e x i s t i n g  w i n d o w s

ments. Lots of product manufacturers provide 

online calculators that unsurprisingly show sig-

nificant savings for their particular product. 

Beware: It’s always good to check out the under-

lying assumptions, and note that the source of 

the information may suggest significant bias. One 

online resource—www.windowattachments.org 

—addresses the wide variety of attachments and 

provides unbiased guidance to help homeowners 

with decisions about window treatments.

Also, be aware of the effect of shading on 

south-facing windows. The branches of decidu-

ous trees, often touted as providing beneficial 

shade in summer while allowing solar gain in 

winter, actually diminish solar radiation by about 

half and should be avoided near the south side 

of a house. Even insect screens on the south side 

should be removed in winter, because they also 

cut solar gain significantly.

On the cooling side, even more can be done 

to decrease air-conditioning loads. Although 

shades and blinds on the inside significantly 

reduce solar gains, external shading is even more 

effective, because the sun’s rays never hit the 

glass. Shading that is built onto the house—over-

hangs, awnings, or porches—or nearby, such as 

trellises, arbors, and other structures, can prevent 

or reduce solar heat gain.

Landscaping choices, such as trees and other 

plantings, can also shade windows. You can shade 

east- and west-facing windows in any climate 

to reduce cooling loads, without compromis-

ing solar gain in winter. The south side is a little 

more complicated. In a hot climate, shading 

south-facing windows helps cut cooling loads. In 

a mixed or cold climate, shading the south side 

reduces cooling loads slightly, but at the expense 

of also reducing free solar heat in winter. 

Moderate overhangs attached to the building 

right above the windows are the best choice. If 

they are properly sized, they will admit solar rays 

in winter, when the sun’s angle is low in the sky, 

and still shade windows in summer, when the 

sun is higher overhead.

Whatever your approach, there are numerous 

types of attachments that can be used to improve 

window performance or to decrease negative 

characteristics. Unlike for windows themselves, 

unfortunately there are no industry-standard 

rating systems for performance window attach-

Be sure to caulk around the frames of new 
storm windows to maximize their benefit. 
Remember, it’s important to leave the weep 
holes at the sill open, so any moisture that col-
lects there can drain freely.
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People often ask me, what’s the best kind of 

heating system? My answer: A good building enclo-

sure. A comfortable, draft-free house with high levels 

of insulation is economical and easy to heat with any type of 

heating system. Insulate and air-seal first; you’ll get the most for 

your heating dollars. A new or renovated home can be built with 

heating loads so low that a conventional heating system is too 

big—and thus an unnecessary expense.

While you’re improving your home’s thermal boundary, rela-

tively simple mechanical upgrades, duct-sealing and insulation, 

and even automatic thermostats can all help save energy. New 

high-efficiency heating systems and controls can be very cost-

effective compared to standard systems. And if you have ducts 

in an attic, garage, or crawlspace, sealing them can be one of 

the best ways to save energy. 444

heating 
systems

Simple  
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Simple Conservation
In colder parts of the United States, heating is 

the biggest energy expense for most homes, so 

heating savings can make a big difference. Aside 

from the building enclosure, your heating system 

is probably the next biggest factor in your energy 

use, so anything you can do to improve its opera-

tion has the potential to save a lot of energy.

There are many kinds of heating systems 

(which will be covered later in this chapter), but 

they all have three common elements: heating 

equipment, which converts fuel into heat; a dis-

tribution system, which delivers heat around the 

house; and controls, which regulate the system’s 

operation. All three affect the efficiency of the 

system, and all can typically be improved to  

save energy.

Thermostats
The thermostat is a control that is common to 

virtually every heating system. A thermostat senses 

the room temperature and turns the heat on 

when the temperature drops below the set point. 

The simplest thing you can do to save energy is 

to turn down the thermostat. Depending on the 

climate, you can save about 10 percent if you keep 

the house cooler by 3°F to 5°F.

Turning down a thermostat saves energy, but 

only if you’re consistent. If one person is always 

turning it down, and another is always turning 

it back up, the person who turns it up may set 

the thermostat even higher to compensate for 

feeling chilly—and use more energy. This “duel-

ing manager” syndrome is particularly wasteful 

if you have a heat pump. Find the lowest setting 

that everyone in the family is consistently com-

fortable with, and then leave it alone (other than 

for regular setbacks).

I’m not advocating shivering in the dark, 

though that works too. However, once you have 

insulated and air-sealed a house, and perhaps 

installed high-performance windows, you may 

find that you are perfectly comfortable at a lower 

thermostat setting. For example, one of my cli-

ents built a new house just up the hill from the 

old Victorian farmhouse he and his wife owned. 

“One of the most amazing things,” he enthusias-

tically told me, “is the change in our thermostat 

setting. The old house was so drafty that we had 

to set the thermostat at 72°F or more to stay 

comfortable. In this one, we get too warm if we 

set it above 64°F.”

Another way to save energy with your ther-

mostat is by using a regular setback. Turning 

down the house temperature for 6 to 8 hours 

while everyone is asleep, or away during the day, 

can save a lot—about 10 percent for an 8-hour, 

10°F setback. Contrary to popular belief, it 

does not take more energy to bring the house 

back up to temperature. Remember, the heat-

ing system replaces heat that the house loses; if 

the indoor temperature is lower for a period of 

time, the house simply loses less heat during that 

time. But don’t overcompensate by setting the 

thermostat higher when you return; a setting 

of 78°F does not warm the house up any faster 

than a setting of 70°F.

One problem with 
turning down the thermo-
stat while you’re away 
(or asleep) is that the 
house is cold when you 
return home (or get up). If 
you have a fairly regular 
schedule, an automatic 
thermostat can help. Set 
it to turn down the heat 
when you leave and turn 
it back up just before 
you get home; down at 
bedtime, up before you 
get up. Once it’s set, you 
don’t have to do any-
thing. Most automatic 
thermostats can handle 
at least two setback peri-
ods during the day, 
and separate programs 
for weekends or all 
seven days.

INDETAIL

Automatic thermostats 
can help save energy.

The Nest Learning Thermostat™ is a new twist 
on the old thermostat. It learns from your 
behavior to create automatic setbacks and 
bring the house back to temperature when 
you need it. A motion sensor knows if you 
come home early, and a wireless network 
interface allows remote control from a com-
puter or smartphone, as well as access to local 
weather data.
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Comfort and energy use

Another fairly simple factor that affects 

heating-system performance is system balancing. 

Balancing refers to the temperature consistency 

from one room to the next. If one or more 

rooms are consistently too cold, people tend to 

set the thermostat high enough to be comfort-

able in those rooms. The rest of the house then 

overheats, using more energy.

Balancing problems can be caused by ther-

mal defects in the building, by problems in the 

distribution system, or by the thermostat loca-

tion. Rooms that have air leaks, drafts, or missing 

insulation may lose heat faster than neighbor-

ing rooms, or they may just be uncomfortable. 

Thermal problems should be fixed before address-

ing the heating system. Once the building enclo-

sure is properly treated, the distribution system 

can usually be adjusted for better balance.

Furnaces or heat pumps 
that have a ducted distri-
bution system should have 
manual balancing damp-
ers, like this one, near the 
takeoffs from the main 
trunk duct to the branch 
runs. It is better to adjust 
the airflow here than at 
the supply register (shown 
with duct disconnected for 
clarity).

Efficiency Losses 
in a Heating System
Not all the energy in the fuel you buy
contributes to heating your house. Your 
heating system’s efficiency is the amount
of useful heat you get as a percentage of 
purchased energy. Anything less than
100 percent represents waste, or lost effi-
ciency. There are three kinds of heating 
system losses: combustion loss, cycling 
loss, and distribution loss.

Combustion loss is simply the heat that 
goes up the chimney; it varies from about 
30 percent to as little as 3 percent. That 
leaves a combustion efficiency between
70 percent and 97 percent; that is, the 
percentage of the fuel you buy that is 
converted to heat in the equipment. 
Combustion efficiency is mostly affected 
by equipment design; unless the burners 
are badly out of tune, it can’t be improved 
much unless you buy a new unit.

Cycling losses occur when the heating 
equipment starts and stops. Each time the 
unit shuts off, some heat remains inside; 
some of that heat goes up the chimney. 
Cycling losses are affected by the equip-
ment design, location, and 
controls; some efficiency 
improvements can be made if 
the controls are set poorly to 
begin with.

Distribution losses occur 
when heat generated in the 
equipment gets out of the 
house before it reaches its 
destination. Distribution losses 
include duct air leaks and con-
ductive losses through uninsulated ducts 
or pipes. Distribution losses can be signifi-
cant: 5 percent to 30 percent, so in many 
homes a large improvement can be made.

A standing pilot flame 
in a furnace uses 
gas constantly, even 
during the summer; 
that is a waste of 
energy.

This is a typical hot-water 
radiator, or fin-tube base-
board. Like most fin-tube 
units, it has a hinged 
damper to close the slot 
at the top of the unit and 
reduce heat output.



h e a t i n g  s y s t e m s112

Duct-Sealing
Air leaks in a duct system can have an enormous 

effect on your house. Duct leaks rob a furnace, 

heat pump, or central air system of energy—

sometimes close to half. Leaks can cause comfort 

problems, drive moisture flows, and sometimes 

even lead to dangerous backdrafting of combus-

tion equipment. Leaky basement ducts don’t 

usually waste much energy; sealing them is 

pretty easy, but there’s not much value to it. But 

ducts located in attics, garages, or vented crawl-

spaces can be a big energy problem. Sealing 

them can be the biggest opportunity for energy 

savings in many homes.

Leaky ducts do more than let heat out. They 

also increase the air exchange in a house by 

30 percent to 300 percent whenever the air han-

dler is running. That is why furnaces have the 

reputation for drying out houses. Return leaks 

in a mechanical room or basement can back-

draft a nearby water heater or even the furnace 

itself. Return leaks can also draw in radon gas, 

water vapor, subsoil pesticides, or airborne mold 

spores, distributing them throughout the house. 

Supply air leaking into an attic or enclosed 

It’s amazing how often I find ducts that are 
actually disconnected in attics, garages, or 
crawlspaces. Once in a while I even see sec-
tions of ductwork that were never installed. 

If your furnace is in the 
garage, pay extra atten-
tion to sealing return 
ducts, so garage air isn’t 
pulled into the house.

protip

One of the biggest risks 
in sealing leaky ducts is 
that you may decrease 
the airflow, reducing  
efficiency or even caus-
ing damage. If a duct 
system is undersized, 
much of the air flowing 
through the furnace may 
travel through those 
leaks, so sealing them 
has the potential to seri-
ously choke off the air 
supply. Be sure to check 
the airflow with the  
temperature-rise test 
before and after sealing 
the ductwork.

whatcan
gowrong

cathedral ceiling cavity can deliver moisture at 

an accelerated rate to cold roof sheathing, caus-

ing condensation. If the ducts also carry central 

air-conditioning, return leaks can bring in out-

door humidity in the summer, reducing cooling 

efficiency, and leaks can draw outside air into 

building cavities, where moisture can lead to 

mold inside the house. Duct leaks are even more 

important than shell air leaks: Each hole and 

Duct mastic is a nontoxic, latex-based com-
pound that is used to seal holes, cracks, and 
seams in ductwork and fittings.

It’s important to peel back the insulation and 
vapor jacket to seal the duct connections. The 
black stains are from the air leaks. 
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to put on vinyl gloves, then cheap cotton work 

gloves, reach into the bucket for a small handful 

of mastic, and smear it onto the leaky areas. The 

cotton gloves protect your fingers from sharp 

metal edges. It’s pretty easy to slip the cotton 

gloves off when it’s time to move around to 

avoid getting mastic on everything besides the 

ducts. If the duct is insulated, be sure to seal the 

inner lining of the duct, not the vinyl or foil 

facing on the outside of the insulation.

On the supply side of the system, it is usually 

fairly easy to follow the duct runs and identify 

the leakage areas. Places to focus include con-

nections between the main trunk, the branch 

ducts, the end caps on trunk ducts, and the reg-

ister boots. Swivel elbows and branch-duct take-

offs tend to be particularly leaky. Each register 

boot must be sealed where the branch duct con-

nects to it, at its corners and folds, and where the 

boot meets the drywall or subfloor. Sometimes 

it is easier to seal the boot area from inside the 

house—just remove the grille and reach inside 

to seal the leaks.

Return ducts can be a bigger challenge. 

Return systems are frequently patched together 

using a combination of plywood, sheet metal, 

joist or wall cavities, and a lot of wishful think-

ing. Many HVAC installers don’t pay much 

attention to returns, focusing mostly on supplies 

that get the air to where it’s supposed to go. But 

well-sealed returns are important for furnace 

efficiency, occupant health and safety, and build-

ing durability. So pay attention to the return air 

pathways, and get in and seal all the cracks and 

gaps just as you would for the supply. Pay extra 

attention to carefully sealing any return ducts in 

a garage; you don’t want garage air being sucked 

into the house.

In some regions, platform returns are 

common: in this arrangement, the furnace is in 

crack is under pressure from the furnace fan and 

leaks the hot air from your furnace (or cold air 

from your air conditioner).

If you can reach them, sealing duct leaks is 

a relatively easy job. Most of the effort involves 

getting to the leaks; this can mean some difficult 

crawling in attics and crawlspaces, and peeling 

back duct insulation to get to them. Duct leaks 

can happen almost anywhere in the system. In 

addition to connections between duct sections, 

many sheet-metal fittings have built-in holes and 

cracks, which should be sealed with duct mastic.

 Some people apply mastic with a paintbrush, 

or buy it in tubes that fit a caulking gun. I prefer 

Duct-Sealing 
Supplies
The most important duct-sealing sup-
plies are a good-quality latex-based 
mastic and a box of vinyl gloves. 
Fiberglass mesh tape is helpful for 
reinforcing large gaps and doing 
structural repairs. A clamp stapler is 
invaluable for attaching duct insula-
tion. Sheet-metal screws are handy 
in many places; I prefer the ones with 
really sharp points, commonly called 
zip screws.

Although sealing ducts is a messy 
and dirty job, it can be done with 
a few inexpensive supplies and 
potentially save a lot of money.

Leaky ducts waste 
energy in four ways. 
The most obvious one is 
that heated (or cooled) 
air never reaches its 
destination when it leaks 
out of supply ducts in 
attics, crawlspaces, and 
garages. You’ve paid to 
heat that air, and now 
it’s gone forever. Second, 
return-side leaks suck in 
cold air, reducing the fur-
nace’s efficiency. Third, 
leaks in the ductwork 
push cold air into the 
house and/or send warm 
air out under pressure, 
just as other leaks in the 
thermal envelope do (but 
amplified greatly by the 
much higher pressures 
in the duct system). 
Finally, pressure imbal-
ances caused by duct 
leaks push air through 
other leaks in the build-
ing whenever the 
furnace runs.

INDETAIL
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to remove, allowing access to seal the area com-

pletely.

Two other places to pay close attention to are 

the large duct sections connected directly to the 

supply side and the return side of the furnace 

(called plenums). The air pressures are highest 

there, so any openings in the corners or connec-

tions of the supply and return plenums, at the 

flanges where the plenums connect to the fur-

nace cabinet, or at the filter rack and cover panel 

leak the most air. Use mastic to carefully seal the 

supply and return plenums, especially any gaps 

a closet or garage, mounted on a plywood base 

with a cutout for the return air (see the drawing 

on p. 116). To allow house air to return to the 

furnace, one or more return openings are cut 

through the wall; sometimes a return duct is also 

mounted atop a second cutout in the platform. 

The platforms are rarely sealed, and nearby wall 

or floor cavities can suck return air in from the 

attic, basement, crawlspace, and/or garage. It is 

critical to seal off these platforms from the inside 

so return air is pulled from only the house. 

Fortunately, the grilles are usually large enough 

After the mesh tape is 
applied, more mastic 
is spread over the sur-
face. After it sets, the 
insulation and vapor 
jacket must be carefully 
replaced.

In this case, the insula-
tion was hiding a broken 
elbow. It had to be 
repaired with sheet-metal 
screws before sealing.

All joints in both supply- and return-duct systems should be sealed with 
mastic, including those in duct systems constructed in building cavities 
(such as this panned joist bay).

After spreading a thin layer of mastic, 
a length of fiberglass mesh is embed-
ded in the mastic. This is done for  
any seams that are likely to be 
stressed, and to bridge gaps more 
than 1⁄4 in. across.

Many furnaces are 
located on a closet 
platform in the house 
or garage, with 
return grilles under-
neath, and lots of  
air leaks.
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See www.aeroseal.com for a list of dealers who 

can provide that service.

Duct insulation
Ductwork that runs through unconditioned 

space should be insulated, if it is not already. 

Typically, supply ducts are insulated but often 

have weak spots at register boots and other 

major connections. Often, return ductwork is 

left uninsulated.

Ducts should be insulated with vinyl-faced 

fiberglass wrap; R-6 is the minimum allowed 

by current residential codes; R-8 is required 

for supply ducts in attics. If possible, attic ducts 

should have higher R-values. Think about it: 

In winter, attic temperatures are nearly as cold 

as outdoors; in summer (for air-conditioning 

ducts), they are often much hotter than out-

doors. If the ducts are close to the attic floor, 

cover them completely with loose-fill insulation. 

If that is not possible, try to find R-10 or higher 

duct wrap. Of course, seal all the duct connec-

tions tightly before insulating.

between the filter and the air handler, where dust 

and dirt can be drawn in past the filter. (Don’t 

seal the access to the filter, or the service panels 

to the furnace cabinet itself.) If access is limited, 

you may need to cut access openings in the duct-

work or remove sections of ductwork in order to 

reach the leaky areas.

Fortunately, it’s not typically necessary to seal 

ducts that are buried inside interior wall and floor 

cavities. However, you do want to ensure that 

those cavities don’t leak to outside spaces; if they 

do, seal those leaks at the thermal boundary to 

keep the ducts and the indoor air inside.

Depending on how easy the access is to your 

duct system, you may want to hire a profes-

sional to test and seal your ducts. Building-

performance professionals use a duct tester, 

which is like a miniature blower door (see the 

above right photo), to pressurize the duct system 

and measure leakage. If a majority of the duct-

work is hidden in walls, cathedral ceilings, or 

restricted attic areas, hiring someone with an 

aerosol duct-sealing machine is another option. 

An HVAC contractor or building-performance 
professional uses a duct tester like this one to 
measure duct leakage.

The solution for a platform return is to seal 
the entire area under the furnace with mastic 
to creating an actual return “duct.” The only 
openings should be at the bottom of the ­
furnace and the return grille(s) or duct(s). ­
Be careful not to seal intentional airflow ­
pathways.

All ducts in unconditioned 
spaces should be insu-
lated with a minimum of 
R-8 duct wrap. The wrap 
should be installed neatly 
and snugly, with plastic 
washers and screws to 
hold it in place. A clamp 
stapler is handy to close 
the seams.

Wrong: Don’t insulate 
ductwork with material 
intended for wall ­
insulation.
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Combustion Air and Platform Returns
ANY FUEL-BURNING APPLIANCE NEEDS 
adequate air supply for safe and efficient com-
bustion. If you’re installing a new heating unit, 
sealed combustion (see the sidebar on 
p. 120) is your best bet for safety and effi-
ciency. For existing natural-draft equipment, 
codes generally allow two ways to provide that 
air. One way is to provide a minimum volume 
of open airspace around the appliance; it must 
be unobstructed by partitions, unless there is a 
louvered door. The other strategy is to supply 
outdoor air via ducts or transfer grilles. Both 
systems are based on the input firing rate (in 
Btu per hour) of the equipment. A higher input 
requires more volume or larger openings. 
However, following building codes for combus-
tion air doesn’t guarantee that equipment will 

Every home that 
has combustion 
equipment, a 
gas range, or an 
attached garage 
should have one or 
more carbon mon-
oxide detectors. 

Block wall bays with drywall or duct 
board, sealed at the edges, to prevent 
the return from drawing in attic air.

work properly. Negative pressures caused by 
leaky ducts, large exhaust fans, or other pres-
sures in the house can still suck potentially 
deadly combustion by-products back down a 
chimney.

One solution is to build a tightly sealed, 
insulated mechanical room around the equip-
ment and provide combustion air to just that 
room, preferably with a motorized damper that 
opens the air inlet only when the burner fires. 
You can also have a building-performance 
professional or trained HVAC contractor do 
a worst-case test to make sure the equip-
ment drafts properly and produces no carbon 
monoxide. Finally, safety devices that can be 
retrofitted include gas-spillage alarms, safety 
switches, or power-vent kits.

PLATFORM RETURN A platform return can be a 
serious energy and safety 
hazard. The dotted lines 
show potential unintended 
airflows, which pull in attic, 
garage, or outdoor air and 
also cause combustion prob-
lems by allowing the return 
suction to interfere with the 
combustion air supply.

The platform should be 
lined with drywall or duct 
board and all edges sealed 
thoroughly with duct mastic. 
Be sure to identify combus-
tion air paths and inten-
tional return air paths, and 
avoid sealing those.

A furnace closet may have 
a louvered door instead 
(bringing in combustion air 
from inside the living space) 
or grilles that open into the 
garage or outdoors.

Dotted arrows = Unintentional airflows
Blue arrows = High and low air inlets, which supply combustion 
air, are required by code for a furnace in an enclosed space.
Red arrows = House air circulating through system. Ideally, the 
house air and combustion air should not mix.

If the floor surface is leaky or 
irregular, seal with mastic and/or 
add additional lining material here.

Seal and insulate 
all attic ducts.

High-combustion air inlet: 
DO NOT SEAL or insulate 
over this unless you install 
sealed-combustion 
equipment.

Top-plate cutout 
for low-combustion 
air inlet: DO NOT 
SEAL or insulate 
this stud bay 
unless you install 
sealed-combustion 
equipment.

Low-combustion 
air inlet in wall: 
DO NOT SEAL.

Drywalled 
furnace closets

Furnace/
air con-
ditioner

Line the platform area with drywall 
or duct board and seal the seams 
to prevent the return from drawing 
in attic or combustion air.

Seal the top 
plates in the attic 
to prevent the 
return from draw-
ing in attic air.

Supply air register

A return grille cut through the wall 
carries house air to the furnace.

Heated (or cooled) 
air to house
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don’t really save energy. Be sure to change the 

filter once or twice a year; more frequently is 

not much benefit because filters actually work 

better once some dust has built up on them. 

If the filter never gets dirty, however, then you 

may have a duct leak that is causing a loss of 

efficiency. Keeping registers open and free of 

obstructions may help your comfort, but this 

also won’t affect your energy bills noticeably.

The next important item is regular burner 

maintenance. If you have a gas furnace, you 

should have it cleaned and tuned every two to 

four years. An oil burner should be tuned every 

year. Don’t wait until cold weather hits—that’s 

when the service companies are busy. You may get 

a better price if you get the tune-up in the spring.

Low airflow
Low airflow can also reduce furnace efficiency. 

It can be caused by clogged air-conditioning 

coils, low fan speed settings, loose fan drive 

belts, undersized ductwork, or duct obstructions. 

Sometimes airflow is low to one room or section 

of the house, causing discomfort.

Diagnosing low airflow is complex, but once 

identified, the fixes are usually fairly easy and 

inexpensive. These improvements are prob-

ably better left to a professional, but it’s good to 

be informed, because many technicians don’t 

bother checking airflow. If a service person is 

unable to explain in sensible terms what is hap-

pening in your system, you may want to get an 

opinion from another technician.

You can start by checking for cycling caused 

by the high-limit control, a safety switch that 

protects your furnace and house by turning off 

the burner if the air gets too hot (for example, 

if the blower motor suddenly stopped). To do 

that, set the thermostat high enough to run 

the furnace for 15 or 20 minutes. The burner 

Regular furnace 
maintenance—including 
filter replacements,  
burner tune-ups, and 
cleanings—is important 
for proper operation.

protip

Once in a while, I run 
into a homeowner who 
tells me, “I never need to 
change the filter, because 
it never gets dirty.” This 
typically happens when 
the filter is installed in 
a filter grille. If the filter 
isn’t trapping any dirt, 
it’s because there’s no 
air going through it—all 
(or most) of the return air 
reaching the furnace is 
being pulled in through 
leaks in the return duct, 
or through some other 
unintentional pathway.

whatcan
gowrong

Filter grilles make chang-
ing the filter more conve-
nient, but any air leaks 
in the duct between the 
grille and the furnace 
can pull dust and dirt into 
the furnace. This filter 
obviously works and is 
ready for a change.

Furnaces
The furnace is by far the most common type 

of heating system in the country. In fact, it’s so 

common that many people use the word furnace 

to describe any type of heating equipment.

Furnaces create heat by burning fuel, usually 

natural gas. Oil and liquefied petroleum (LP, or 

propane) gas are also used in areas where piped 

gas is unavailable. By contrast, heat pumps and 

electric furnaces use electricity to heat the air; 

they also use a duct system to deliver heat, but 

they are not furnaces and do not have a fuel 

supply, chimney, or vent pipe. Boilers burn gas 

or oil but create hot water or steam instead of 

warm air. Furnace efficiency can be improved by 

performing regular maintenance, improving air-

flow, adjusting control settings, and sealing leaky 

ductwork.

Regular maintenance
Regular furnace maintenance is important 

to keep things running well, just as with any 

machine, but tune-ups and filter replacements 

Air filters should be replaced occasionally for 
best furnace performance. This pleated filter 
is more effective than the standard cheap 
fiberglass filter, and it doesn’t cost much more.
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to measure the temperatures of the supply and 

return ducts. Measure the supply temperature in 

a main supply trunk duct close to the furnace. 

Drill a small hole on the supply side, close to the 

middle of the duct but around the first corner or 

bend in the main supply trunk from the furnace. 

Be careful not to drill into air-conditioning coils 

that may be located in the ductwork just above 

or next to the furnace.

For the return temperature, insert the ther-

mometer into the filter slot or a small hole drilled 

in the middle of the return duct near the furnace. 

It’s okay to measure the return temperature at 

should fire immediately; after a brief delay, the 

blower should turn on. Once the blower starts, 

the burner should stay on until the thermostat is 

satisfied (or turned back down). If the high-limit 

control thinks that the air is getting too hot, the 

burner will cycle off and on periodically while 

the blower runs. That could mean the control is 

broken or set incorrectly, or it could mean that 

the airflow is extremely low.

If the high limit is working properly, the next 

airflow test is to measure the temperature rise 

between the return and the supply airstreams. 

That can be done by using a probe thermom-

eter (a wire thermocouple is better if available) 

A furnace directly heats air by burning fossil fuel, such as natural gas, oil, or propane 
(liquefied petroleum, or LP) gas. The air-handler fan creates air pressure to push house 
air through the ducts and into the house. Trunk ducts may be made of sheet metal, 
fiberglass duct board, or flexible round ducts. Branch ducts are typically made of round 
or rectangular sheet metal or flex duct. Return ducts may be a single central return, 
as shown here (some bigger homes have two or three), or may run to every room like 
the supply-duct system. The furnace may be located in a basement (as shown), an attic, 
a closet, or a garage, depending on the style of house and region of the country. 
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A furnace directly heats air by burning fossil fuel, such as natural gas, oil, or LP gas. 
The air-handler fan creates air pressure to push house air through the ducts and 
into the house. Trunk ducts may be made of sheet metal, fiberglass duct board, or 
flexible round ducts. Branch ducts are typically made of round or rectangular sheet 
metal or flex duct. Return ducts may be a single central return, as shown here 
(some bigger homes have two or three), or may run to every room like the supply-
duct system. The furnace may be located in a basement (as shown), an attic, a 
closet, or a garage, depending on the style of house and region of the country.

Gas-Fired Hot-Air Furnace

If your return-duct 
system is restricting 
airflow, installing a 
grille can significantly 
increase airflow. But you 
can’t install a return just 
anywhere; there must be 
a clear path for house air 
to reach it. If it is located 
in an attic, a garage, or 
a crawlspace, the new 
return will bring cold 
air into the unit, lower-
ing its efficiency. You 
may need to add a duct 
(well sealed, of course) 
to a new grille inside 
the house, and of course 
there needs to be a filter 
somewhere between  
the return and the  
equipment.

INDETAIL
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a return grille close to the furnace, if that’s your 

only option; insert the probe in past the grille.

Again, turn up the thermostat so the furnace 

will run continuously for 15 to 20 minutes. 

After the fan starts, let it run for at least 5 min-

utes before you measure the temperatures. Hold 

the thermometer in the return airstream, and 

then in the supply airstream, long enough for 

the temperature to stabilize, so you can get an 

accurate reading. The supply minus the return 

temperature is the temperature rise; it should 

be between 40°F and 75°F. Try to get a manu-

facturer’s specifications for acceptable range of 

temperature rise. A temperature rise greater than 

75°F indicates low airflow, which should be 

increased to improve efficiency. A temperature 

rise less than 40°F may result in condensation 

and rust in the heat exchanger. In that case, the 

airflow should be reduced or the burner tuned 

to increase heat output.

Furnace 
Tune-Up
A professional tune-up for a gas furnace includes 
cleaning the burner and heat exchanger, checking the 
adjustment of air and fuel flow, cleaning and checking 
the heat exchanger for leaks, and testing draft pressure 
and carbon monoxide levels. The air-handler fan should 
be cleaned and lubricated as needed, once every two 
or three tune-ups. In addition, internal controls may be 
checked and adjusted if necessary. Don’t expect any real 
energy savings from a gas furnace tune-up; every two to 
four years is often enough.

Oil burners are more finicky than gas burners. Most oil 
furnaces benefit from annual professional service; fuel 
filters, burner nozzles, electrodes, combustion chamber, 
heat exchanger, and flue pipe all need regular cleaning 
and adjustment. Checking heat exchangers and testing 
combustion efficiency are also useful. Try to find a techni-
cian who is knowledgeable, methodical, and thorough.

If you have an oil furnace, the service technician might 
also recommend installing a smaller oil nozzle. This can 
reduce the heat output of the furnace, better matching it to 
the house and increasing operating efficiency slightly.

A probe thermometer can be used to check 
the temperature rise in a furnace. Be careful 
locating holes so that you don’t drill into the 
air-conditioning coil.

Check the return temperature through a filter 
slot or a hole drilled in the duct near the air 
handler.

Don’t attempt to 
change the fan 
speed or furnace 
control settings, or 
make other adjust-
ments to your 
furnace or heat 
pump, unless you 
understand exactly 
what you are doing. 
Always turn off 
the main power 
to the unit before 
opening the cabi-
net door. And if you 
aren’t sure, hire a 
professional ser-
vice person.

S A F E T Y 
F I R S T
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need to add extra ductwork with extra supply 

or return registers. Sometimes entire sections 

of ductwork will need to be replaced. Duct 

upgrades may range from a few hundred to a 

few thousand dollars, depending on the house.

Furnace control settings
 The furnace controls can also have an impact 

on efficiency. The blower control, located above 

the heat exchanger, turns on the blower when it 

senses heat from the burner. It may be right next 

to the high-limit control or in the same device. 

The fan-on temperature should be set so the 

blower comes on between 90°F and 105°F; if it’s 

set too high, the burner will fire for a long time 

before the fan comes on, letting excess heat go 

up the chimney. If it’s set too low, the circulating 

air may feel uncomfortably cool. Attic-mounted 

furnaces may need higher fan-on settings so the 

blower doesn’t turn on in the summer. As an 

alternative, an extra relay may be installed to turn 

on the fan as soon as the burner fires; that will 

Many furnace fans have several speed settings; 

often a lower speed is used for heating and a higher 

one for cooling. Airflow can often be increased 

simply by changing the heating-fan speed setting 

and/or adjusting the belt-drive pulleys.

Undersized or restrictive return ductwork, 

which can severely reduce airflow, is also 

common but relatively easily diagnosed. Take 

the cover off the blower compartment door 

and repeat the temperature-rise test. If there 

is a safety interlock switch at the cabinet door, 

hold it down temporarily with a piece of tape 

(remember to keep your fingers away from the 

fan). Now measure the return air temperature 

near the opening to the cabinet. If the tempera-

ture rise drops to an acceptable level, the low 

airflow is caused by a restricted return duct. If 

the temperature rise doesn’t change much, the 

trouble is in the furnace fan or supply ducts.

Undersized return ducts can be relatively 

easy to fix; sometimes just adding a return grille 

can make a big difference. Often, though, you’ll 

Sealing a leaky duct 
system can be the single 
most effective way to 
save energy in a home.

PROTIP

Sealed Combustion
One common feature in today’s high-efficiency gas 
furnaces and boilers is sealed combustion. Sealed-
combustion appliances draw all their combustion 
air directly from the outside, usually through a PVC 
pipe. That makes it virtually impossible to backdraft 
combustion gases from the appliance (see the 
sidebar on p. 116). Oil-fired equipment is not usu-
ally available with true sealed combustion, but most 
burners accept retrofit kits that bring outdoor air 
through a duct directly to the burner. Both oil and 
gas systems are also available with induced draft, 
or power vent, configurations that use a small fan to 
send combustion products reliably outside.

A sealed-combustion 
condensing furnace or 
boiler is vented through 
a sidewall with a com-
pact unit similar to 
a dryer vent. If your 
chimney is old, the sav-
ings from not having to 
improve the chimney 
may pay for upgrading 
to a sealed-combustion 
heating system.

Sealed-combustion appliances not 
only eliminate backdrafting but also 
reduce heating loads by eliminating 

the draw of outdoor air into the house 
to supply the combustion process.



­121h e a t  p u m p s

Heat Pumps
Air-source heat pumps, popular in some parts 

of the country, are basically air conditioners 

that can work in reverse to deliver heat into the 

house in winter (see the drawing on p. 123). 

Heat pumps provide heating and cooling in one 

machine, with one duct system and no combus-

tion. Heat pumps are not subject to backdrafting, 

combustion air requirements, or some of the off-

cycle losses to which furnaces are prone.

Because they use ducts to deliver warm air 

to the house, heat pump ducts in attics, garages, 

and crawlspaces must be sealed thoroughly and 

insulated well. Heat pumps are more prone to 

airflow problems than furnaces are, and improper 

refrigerant charging can have a negative impact 

on both heating and cooling efficiency.

Operating efficiency and 
resistance heating
Heat pumps are rated using Heating System 

Performance Factor, or HSPF. An HSPF of 6.8 

corresponds to an efficiency of 200 percent. Most 

new heat pumps vary from 7.3 to about 10 HSPF; 

the larger the number, the more efficient the 

unit. An HSPF of 10 is approximately equal to 

290-percent efficient—for every kilowatt-hour 

(kWh) of electricity you buy, you get almost 

3 kWh of heat delivered to your house. How can 

a heat pump generate more energy than it con-

sumes? The difference is made up by heat energy 

absorbed from the outdoor air. That energy goes 

into the system; because it’s free, it’s not counted 

in the measurement of efficiency.

Most heat pumps, by themselves, operate at 

reasonable efficiencies until outside air tempera-

tures drop to about 35°F to 40°F. As the outdoor 

air gets colder, less heat is available, and the heat 

pump output drops off, even as the house needs 

more heat. So cold-weather performance is 

provide maximum efficiency, if you don’t mind 

the cooler air at the beginning of the cycle.

The fan-off temperature must be slightly 

lower than the fan-on temperature: between 

85°F and 100°F. The lower it is set, the longer 

the fan will run at the end of the cycle when 

the thermostat turns off the burners, moving 

residual heat from the heat exchanger to your 

house. If your fan-on and fan-off temperatures 

are fixed (rather than adjustable) and set too 

high, the control can be replaced. Note that the 

temperature markings on adjustable controls are 

often poorly calibrated. Verify the actual fan-on 

and fan-off temperatures with a thermometer in 

the supply plenum.

Another control setting 
that affects furnace effi-
ciency is the anticipator, 
which is located inside 
the thermostat. The antic-
ipator does just what its 
name implies: It antici-
pates the fact that the 
room will heat up, and 
keeps the furnace from 
running too long and 
overshooting. The dial 
should point to the num-
ber representing the elec-
tric current (in amperes) 
drawn by the gas-valve 
circuit. A technician can 
check the current with an 
ammeter. A correct antici-
pator setting can improve 
efficiency a bit.

INDETAIL

The anticipator is a sort 
of timer that prevents the 
furnace from firing too 
long as the house heats 
up. Setting the pointer 
correctly can improve 
the furnace’s efficiency 
and your comfort.

The blower control turns on the fan when it 
senses heat from the burner. The fan’s on and 
off temperatures (the tabs at the bottom of the 
dial) must be set properly for maximum ­
efficiency. This one also has a built-in adjust-
able peak limit (the tab on the right side of ­
the dial).
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ture” depends on the relative costs of gas and 

electricity, and the efficiency of the heat pump. 

You could also remove or disable the electric 

coils and install a hydro-air coil, if you have a 

natural gas water heater. This coil is like a radia-

tor installed in the supply plenum (about $500 

to $1,000 installed). A hydro-air coil must be 

designed carefully to avoid significantly cut-

ting the airflow through the heat pump, because 

hydro coils have higher airflow resistance than 

electric-resistance coils. A dual-fuel heat pump 

or a hydro coil is only worth considering if nat-

ural gas is available. LP gas and oil are expensive 

enough that it makes more sense to invest in a 

new, super-high-efficiency heat pump.

Airflow
Heat pumps are even more sensitive to airflow 

than furnaces are. Heat pumps need to move a 

larger volume of air, but installers who are used 

to working with furnaces sometimes skimp on 

duct sizing, leading to low-airflow problems. 

Unfortunately, checking the airflow of a heat 

pump is not as easy as checking that of a fur-

nace. It can be done with special instruments or 

with a version of the temperature-rise method 

used with the electric-resistance backup heat. 

Don’t attempt to take these measurements 

unless you understand exactly what you are 

doing—if you aren’t sure, get a service techni-

cian to do it for you.

For best efficiency, heat pump airflow should 

be 375 CFM to 425 CFM per ton of heating 

capacity. It should never be below 300 CFM per 

ton. One ton equals 12,000 Btu per hour, and 

equipment is typically rated in increments of  
1⁄2 ton, such as “24” (×1,000 Btu, or 2 tons), 

“30” (21⁄2 tons), “36” (3 tons), etc.

typically supplemented with electric-resistance 

backup heaters.

This auxiliary heat costs about three times 

more per unit of heat than the compressor 

heating cycle. That may be fine in regions with 

long summers, mild winters, and relatively low 

electric rates, but it’s not in much of the North, 

where electricity is expensive and winters are 

cold. One fairly inexpensive way to reduce the 

use of electric-resistance heating is to install an 

outdoor cutout thermostat. For about $100 to 

$150 installed, this device locks out the supple-

mental electric heat when the outdoor air tem-

perature is above 30°F or 35°F.

One way to eliminate electric-resistance heat-

ing altogether is to replace the heat pump with 

a “dual-fuel” heat pump. This may be called a 

“hybrid” system, or described simply by its 

components: a heat pump combined with a gas 

furnace. In a dual-fuel system, when the outdoor 

temperature drops below a control threshold 

the heat pump is cut out and the gas furnace is 

used instead. Optimizing this “cutover tempera-

One way to increase a 
heat pump’s efficiency is 
to adjust the defrost-cycle 
timer. In cold weather, 
the heat pump runs 
periodically in reverse, 
sending some heat to the 
outside coil to melt frost. 
Frost on the outside coil 
cuts off airflow, which is 
bad. Defrost timers can 
be set for longer cycles 
(90 minutes is recom-
mended) and/or controls 
can be installed to pre-
vent defrost cycles when 
outdoor temperatures 
are mild. If you make an 
adjustment, keep an eye 
on the outdoor unit to 
make sure that frost does 
not form.

trade
secret

In cold weather, heat 
pump operation is usu-
ally supplemented by an 
electric-resistance strip 
heater, like this one. It is 
essentially a giant toaster 
located in the main 
supply duct.

If you have a gas-fired water heater, a hydro-
coil like this one can be used to replace  
electric-resistance backup heat.
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There are very specific ways to measure 

refrigerant charge during unit operation. 

Depending on the type of unit, the superheat or 

subcooling must be measured carefully, as it is 

for an air conditioner (see p. 148). There are also 

several automated systems on the market today 

that trained technicians can use to analyze heat 

pump operation. Newer high-efficiency models 

should also be properly charged, but they are 

more forgiving of varying charge conditions and 

their efficiency doesn’t suffer as much.

Refrigerant charge
Older heat pumps are also finicky about refrig-

erant charge. Many heat pumps, even when 

serviced regularly, are either over- or under-

charged, which has a negative impact on effi-

ciency. Unfortunately, many service technicians 

don’t take the time to diagnose or correct those 

problems; they typically get the system working 

and move on to the next service call. To measure 

charge correctly, airflow must be in the recom-

mended range, and few technicians test airflow 

as a matter of course.

Electric-resistance 
auxiliary heat costs 
about three times as 
much as compressor-
driven heat.

protip
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People often wonder how a heat pump can push heat 
energy "uphill" from cold outdoor air to warm indoor air. 
It’s not magic; it’s physics. The secret is in the compressor 
and refrigerant cycle. Liquid refrigerant flows through 
the outdoor coil at about 20°F, picking up heat from the 
outside air. Remember that heat always flows from hot 

to cold, so when the air temperature is higher than the 
refrigerant temperature, the refrigerant absorbs heat. 
The compressor concentrates the heat in the vaporized 
refrigerant, and its temperature rises to about 100°F as 
it goes through the indoor coil, making it warm enough 
to heat the indoor air.

Air-Source Heat Pump
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Heat pump service
Like furnaces, heat pumps should be serviced 

regularly. Basic service can be done by anyone. Air 

filters should be replaced once or twice a year, as 

needed, and the outdoor coil should be kept free 

of snow and debris. Regular service calls—

typically every two to three years—should include 

testing the controls, cleaning the blower and both 

the indoor and the outdoor coils as needed, and 

checking the insulation on the refrigerant lines.

To service your heat pump, try to find a con-

tractor whose technicians are certified by North 

American Technician Excellence (NATE, see 

www.hvacradvice.com), or who demonstrates 

Why is the refrigerant 
charge so often incorrect? 
Frequently, the manufac-
turers’ instructions are 
not followed during the 
initial installation, result-
ing in the wrong charge. 
Then, some technicians 
connect their refrigerant 
gauges at every service 
call, even when there is 
no evidence of refrigerant 
leakage. Some refriger-
ant escapes each time a 
gauge is used. To make 
matters worse, some ser-
vice technicians add a lit-
tle refrigerant each time 
“for good measure.” The 
end result is an unknown 
quantity of refriger-
ant. Even if they don’t 
do those things, many 
technicians do not first 
test for adequate indoor 
coil airflow or properly 
measure superheat or 
subcooling.

WHATCAN
GOWRONG

Ductless Heat Pumps
Ductless heat pumps, often called mini-
split heat pumps, are available in higher 
heating (and cooling) efficiencies than 
just about any other heat pumps on the 
market. The most efficient ones use an 
inverter-driven compressor, and variable-
speed fans that run continuously at a low 
speed to match the load in the house and 
minimize noise. One outdoor unit may be 
used with one or more indoor units that 
deliver heat and cooling to the house. 

Each indoor unit connects to the outdoor 
unit with a small bundle of pipes and wires 
that carry refrigerant and electricity, so 
there are no duct losses.

Some models are designed for cold-
climate operation and maintain a high heat-
ing capacity and decent efficiency near 0°F. 
A single mini-split makes a great heating 
and cooling system for a single-room addi-
tion or a deep energy remodel, or to offset 
electric resistance, oil, or LP gas heat.

The outdoor half of a ductless mini-split 
is also small and quiet. I was standing 
right next to this one and didn’t even 
notice it was running.

The inside half of a ductless mini-split 
typically mounts high on a wall. Other 
configurations are available, such as a 
small hidden air handler.

Always keep material 
and debris away from 

the outdoor unit of a heat 
pump. Proper efficiency 
depends on good air cir-
culation, so never cover 

up or build a deck
over the unit.



­125h e a t  p u m p s

retically have much higher heating efficiencies 

than air-source heat pumps; rated Coefficient of 

Performance (COPs) range from about 3 to 5 

(300 percent to 500 percent).

There are two basic types of GSHP systems. 

Closed-loop (ground-loop) systems are usu-

ally more efficient but can be more expensive 

to install. Open-loop (groundwater or water-

source) systems usually cost less to install but can 

cost more to run, due to the power consumption 

of a large well pump that’s often required for 

these systems. A third type of GSHP, called direct 

exchange (DX), uses a copper pipe ground loop 

to circulate refrigerant underground. Their long-

term reliability is less clear than that of closed-

loop water-based systems.

a commitment to attending  manufacturers’ 

programs frequently. An initial service appoint-

ment should include testing and fixing airflow 

problems, then carefully measuring and correct-

ing refrigerant charge. Once that has been done, 

service technicians generally should not attach 

refrigerant gauges to the system unless the system 

performance drops off or there is other evidence 

that something is wrong. Refrigerant does not 

escape unless there is a leak.

Ground-source heat pumps
Ground-source heat pumps (or GSHPs; often 

called geothermal heat pumps) extract heat from 

the earth or from underground water, rather 

than from outdoor air. Because temperatures are 

more stable underground, GSHP systems theo-

Geothermal Heat Pump

Well-water systems 
pump groundwater to 
the heat pump. Return 
water may be sent back 
into the well, pumped into 
another deep well some 
distance away, or discharged 
to the surface. Well depth and 
production requirements vary 
with the system’s design. 

Deep well pump (typical)

Water-to-refrigerant 
heat exchanger coil

Horizontal loops are typically buried 4 ft. to 6 ft. deep. 
The length and configuration of loops vary depending 
on the system’s size and design.

Vertical loops are
typically 250 ft. to
300 ft. deep. Loops
are spaced 15 ft.
to 35 ft. apart. The
number of loops
varies depending on
the system’s size.

Electric-resistance
heating coils

Blower
Refrigerant-to-air coil
 

Compressor and
controls located

in cabinet

Air filter

Return 
duct

House air 
returns to 
heat pump

Heated air 
to house

Geothermal, or ground 
source, heat pumps use a 
refrigerant cycle to absorb 
heat from underground. The 
heating source is typically a 
series of sealed underground 
pipes; very cold water or 
antifreeze is pumped through 
the loops, where it picks up 
heat from underground at 
fairly cold temperatures 
(typically 30°F to 50°F). 
Sometimes, the heat comes 
from a source of clean 
underground water, such as a 
deep well. The compressor 
concentrates the heat and 
sends hot refrigerant to the 
coil, which heats the 
airstream to a much higher 
temperature. Some 
geothermal systems have 
electric-resistance heaters, 
but they are often not 
needed. 

Ground-Source Heat Pump

Ground-source heat pumps 
use a refrigerant cycle to 
absorb heat from underground. 
The heating source is typically 
a series of sealed underground 
pipes; water or antifreeze is 
pumped through the loops, 
where it picks up heat from 
underground at fairly cold 
temperatures (typically 30°F 
to 50°F). Sometimes the heat 
comes from a source of clean 
underground water, such as 
a deep well. The compressor 
concentrates the heat and 
sends hot refrigerant to the 
coil, which heats the airstream 
to a much higher temperature. 
Some ground-source systems 
have electric-resistance  
heaters, but they are often  
not needed.
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Like air-source heat pumps, ground-source 

heat pumps can be cost-effective in regions with 

mild or hot climates and moderate electric rates, 

especially in areas where installation costs are 

modest. However, in regions with cold climates 

and high electric rates, they generally do not 

provide enough savings to justify the high instal-

lation cost.

Ground-source heat pumps can also have very 

high cooling efficiencies. The heating capacity of 

GSHPs is much better in cold weather than that 

of conventional air-source heat pumps, so there is 

typically little or no need for supplemental elec-

tric heat. Closed-loop systems need little or no 

maintenance, but open-loop systems may have 

water-quality issues, filters that need replacing, 

and well pumps with shortened life expectancies.

Except for the ground 
loop, this ground-source 
system is entirely self-
contained. Note the 
ground-loop circulating 
pumps mounted on the 
small white box to the 
right. The large, sweep-
ing return plenum helps 
ensure good airflow. 

Ground-Source 
Heat Pump 
Efficiency
Efficiency ratings for GSHPs come 
in three flavors: water loop, ground 
loop, and ground water. “Water loop” is 
used for commercial systems; “ground 
loop” is used for closed loops; and 
“ground water” for open loops. All of 
them rate the heating efficiency using 
a Coefficient of Performance, which 
is the ratio of heat out to electricity 
in: A COP of 3 represents a heating 
efficiency of 300 percent. There’s a 
trick to the GSHP performance rat-
ings: You can’t achieve them in a real 
installation. The rating applies only to 
“the box” itself, and does not include 
most of the energy required to pump 
water or move air through the system. 
Depending on the installation, this can 
increase real operating costs between 
20 percent and 100 percent (bringing 
a rated COP of 5 down to somewhere 
between 4 and 2.5).

Despite marketing claims that 
GSHPs are “renewable” and “green,” 
they still run on electricity. Because 
electric generation and power lines are 
inefficient, a GSHP may actually be 
more expensive to run and generate 
more emissions than a high-efficiency 
natural gas furnace and AC system. 
GSHPs are, however, typically cheaper 
and cleaner than oil or LP gas heat. 
They are also quite expensive to 
install; my preference is to invest in a 
more efficient building enclosure.

Polyethylene pipe, 
used for most GSHP 
ground loops, is 
joined with heat-
fusion techniques that 
are stronger than the 
pipe itself. Pipe fail-
ure is relatively rare 
and most new instal-
lations are warranted 
for 20 to 50 years. 
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ficult to justify except in special situations, such 

as isolated rooms, or extremely mild climates like 

southern Florida or Hawaii.

Because these systems are so simple, there 

is very little that can be done to improve their 

efficiency. Short of supplementing or completely 

replacing them, the best approach (as always) is 

to insulate and thoroughly seal the building to 

reduce heating loads.

Electric-Resistance Heat
Most electric-resistance heating systems are 

simple electric baseboard heaters. There are also 

various types of radiant-heat systems (usually 

panels mounted on ceiling or walls, built into 

valances, or built into ceiling or wall-finish sys-

tems). Occasionally, you’ll even find an electric-

resistance furnace or boiler.

Cheap to install but expensive to operate, 

electric-resistance heat operates on the same 

principle as that of a toaster or hot plate. An elec-

tric current passes through a wire element, heat-

ing it. Air passes through and is heated by fins in 

the baseboard. Electric-resistance heat is always 

100-percent efficient; every kilowatt-hour of 

electricity that you pay for is converted to heat.

The reason electric baseboards are expensive 

to operate is that electricity costs two to four 

times as much as natural gas. One advantage of 

electric heat is the ease with which rooms can 

be zoned (see the sidebar on p. 132). But with 

the high fuel cost and hidden emissions, it’s dif-

Never use an unvented propane or 
kerosene heater indoors. And never 
install a “vent-free” fireplace like 
this one, which dumps combustion 
byproducts and water vapor into 
the air while burning. For about 
$200 more, you can get a unit with 
a through-wall vent system, prefer-
ably sealed combustion.

S A F E T Y  F I R S T

Avoid “vent-free” 
fireplaces; despite 
manufacturers’ 
claims, the devices 
dump combustion 
byproducts and
water vapor into 
the air when they’re 
burning. 

An electric baseboard heater is its own 
distribution system and is usually precisely in 
the area where heat is desired, so there are 
no distribution losses like those found in 
ductwork.

Individual-room thermostats have often been 
a selling point for electric heat. Don’t always 
believe your eyes, though; a poorly calibrated 
thermostat can fool you into thinking that 
you’ve set the room temperature lower than 
you really have.
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Hot-Water and Steam 
Boilers
Boilers, an old standby in the Northeast, are 

becoming more popular around the country with 

the advent of radiant, hydro-air, and hybrid sys-

tems. Instead of heating air, a boiler heats water.

The classic boiler system uses hydronic dis-

tribution. Water is heated by the boiler and 

pumped through pipes to hot-water radiators or 

baseboard fin-tube convectors to heat the house. 

Some older systems use a boiler to make steam, 

which expands to fill steam radiators without 

the need for a circulator pump.

Basic maintenance
Boiler maintenance is similar to that of a gas or 

oil furnace (see the sidebar on p. 119), but there 

is no blower fan to clean. Oil boilers should be 

Replacing or supplementing 
electric heating systems
Because of the high operating cost of electric-

resistance heat, many people are interested in 

replacing or supplementing them with an alter-

nate. This is probably the only situation in which 

retrofitting a new heating system can pay for 

itself quickly. Take, for example, a moderately 

sized house that uses 15,000 kilowatt-hours for 

heating every year. At 15¢ per kilowatt-hour, 

the annual heating usage costs $2,250. Let’s say 

you get a bid to install a ductless split system for 

$3,500. Estimating a net savings of 30 percent 

to 50 percent, or about $700 to $1,100 per year 

(see the sidebar below), results in a simple pay-

back of 3 to 5 years. Not bad.

Don’t try to supplement 
built-in electric heat with 
portable electric space 
heaters. Despite some 
manufacturers’ market-
ing claims, those heat-
ers all heat with electric 
resistance, just like the 
baseboard heaters on the 
wall. And a $200 electric 
heater is no more effi-
cient than a $20 unit.

INDETAIL

Supplementing 
Electric Heat
A great way to reduce the cost of 
electric, LP or oil heat for a reason-
able cost is with the installation of a 
variable speed ductless heat pump 
(see the sidebar on p. 124). The best 
systems are rated with an HSPF of 
10 to 12, which means they use
65 percent to 70 percent less elec-
tricity per unit of delivered heat. 
Installing a single mini-split to heat a 
main living area can save 30 percent 
to 50 percent of a home’s heating 
bill (leaving the existing heat for 
remote rooms in cold weather), at 
an installed cost of $3,000 to $4,000. 
Ductless heat pumps also provide 
air-conditioning much more effi-
ciently than do window units.

Kitchens usually don’t 
have a lot of available 
wall space for base-
boards. There, heaters 
can be installed in the 
cabinet toekick area.

PROTIP

This vent damper automatically opens when 
the boiler fires, then closes when the burner 
shuts down, reducing the amount of heat lost 
through the chimney. Although they save 
energy on older gas boilers, vent dampers are 
not necessary on modern, high-efficiency units.
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Occasionally, bleed valves may need to be 

installed or replaced. The technician should 

check the hydronic system pressure and expan-

sion tank; the smallest leak anywhere in the 

system should be repaired immediately to 

prevent corrosion-causing oxygen from being 

brought in via makeup water connections.

Boiler controls and upgrades
A typical hot-water boiler operates throughout 

the winter with a water temperature determined 

by the low-limit setting, a thermostatic switch 

that senses the water temperature inside the 

boiler and shuts off the burner when the water 

is hot enough. Standard boiler controls main-

tain full boiler temperature throughout the year, 

which is inefficient but necessary if a tankless 

coil water heater heats the domestic hot water 

(see sidebar on p. 161). In the absence of a 

serviced once a year, whereas gas boilers should 

be serviced every two to four years.

Any swishing or gurgling sounds that you 

hear in the radiators indicate air trapped in the 

system, which reduces heat-exchange efficiency. 

A service technician can bleed out the air and 

show you how to do it if it is needed frequently.

Hydronic systems are 
more efficient when the 
circulating water is only 
as hot as necessary to 
keep the house comfort-
able. Most boilers are 
set to run at about 180°F. 
Because boilers—and 
radiators—are typically 
larger than necessary, 
the setting can often be 
reduced to as low as 
140°F, especially if the 
house has been weath-
erized. Alternately, an 
outdoor reset control 
($400 to $1,500 installed) 
varies the boiler tem-
perature with the outdoor 
temperature. Either one 
of these options should 
be performed only by a 
qualified service person; 
water temperatures must 
be controlled to prevent 
unwanted condensation 
inside the boiler. Also 
note that any condensing 
boiler (a boiler rated at 
90-percent efficiency or 
greater, designed to con-
dense flue gases) works 
best when the circulating 
fluid is at the lowest pos-
sible temperature and 
should include an out-
door reset control.

TRADE
SECRET

Radiant-Floor Heating
In the past decade, built-in radiant-
floor hydronic systems have become 
quite popular. Quiet and out of sight, 
they employ flexible tubing embed-
ded in a concrete slab or attached to 
a wood subfloor, turning the entire 
floor surface into a low-temperature 
radiator. When properly designed 
and installed, radiant-floor systems 
provide reliable, even heat. Radiant 
heating is commonly touted as an 
energy saver, because people are 
comfortable at a lower thermostat 
set point. However, research has 
shown no significant difference in 
thermostat settings between radiant-
floor houses and others, suggesting 
that such energy savings are largely 
theoretical.

Staple-up radiant floor systems, such as this 
one, provide the benefits of a warm floor in 
wood-frame structures. Radiant floor systems 
must be insulated carefully so the heat goes 
only where it’s wanted. Hint: Make sure the 
insulation is tight against the tubing and sub-
floor. Some installers leave an airspace, but 
this actually hurts performance by slowing the 
response to thermostat calls. 

This condens-
ing modulat-
ing boiler is 
small enough 
to hang on the 
wall and has 
an efficiency 
rating of
96 percent.
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ney. It costs $125 to $350 installed. Don’t use a 

gravity-actuated vent damper that depends on 

the heat from the burner to stay open; they are 

much more likely to malfunction.

Steam boilers
Steam boilers are very different from hot water 

boilers. Steam systems were popular in the early 

20th century, and many of them are still in ser-

vice in older homes. Instead of relying on pumps 

to circulate hot water, steam boilers boil water 

to create steam. The steam naturally expands to 

fill all the pipes and radiators in the system, dis-

tributing heat throughout the house. Although 

steam-heat distribution is simple and reliable, 

steam boilers have a number of unique mainte-

nance and efficiency issues.

Most residential steam systems are one-pipe 

systems. When the thermostat calls for heat, the 

boiler fires and steam begins expanding to fill 

tankless coil, efficient boiler controls have a 

“cold start” feature that heats the boiler water 

only when it’s needed, and a “purge” control 

that runs the circulating pump for a few minutes 

after the boiler shuts off, to extract any heat that 

remains inside. These controls, often standard or 

optional on new, high-efficiency models, can 

also be retrofitted to existing boilers—but you 

have to be careful. Cold-start boilers must be 

protected from condensing on start-up, which 

may take some extra piping and a thermic valve 

(made by Danfoss® or Termovar) to maintain 

adequate return-water temperature. Many newer 

boilers designed for cold starting have this pro-

tection built in.

Another improvement for older boilers that 

don’t have good controls is a mechanical vent 

damper. This device closes off the flue pipe after 

the burner shuts off, stopping the flow of heat 

through the heat exchanger and up the chim-

If you have an oil-fired 
boiler or a furnace with 
an older, inefficient oil 
burner, have a technician 
replace the burner with 
a flame-retention burner. 
Those units, which cost 
about $400 to $500, do a 
better job of mixing the 
oil with the combustion 
air, which better controls 
the fire. They also reduce 
the amount of heat lost 
up the chimney, bring-
ing the overall efficiency 
improvement to between 
10 percent and 20 percent.

trade
secret

Heated air rises 
from the baseboard.

Fin-tube baseboard
radiator heats by

convection.

Cool room air is drawn in.

Cast-iron
radiator
heats by

convection
and

radiation.

Low-profile wall
radiator heats

by radiation
and convection.

Boiler

Fuel burners and
heat exchanger heat

water circulating
through the boiler.

Return water at 
150°F (typical)Expansion tank

Pumps or zone valves
control the circulation of hot

water throughout the system.

Hot water at 
180°F (typical)

Boilers heat water, which is circulated 
throughout the house to deliver heat.  
Valves or individual pumps may 
control the flow to separate zones in 
the building. Occasionally, European-
style hardware is used for continuous 
circulation and individual thermostats 
mounted on each baseboard. In the 
popular fin-tube baseboard, a copper 
pipe runs through the middle of an 
array of aluminum fins; the large 
surface area of the fins provides 
heat transfer to the air. The air moves 
through the baseboard by natural 
convection: Cool air is drawn in from 
the bottom and the heated air rises 
and escapes from the top. Older 
houses may have cast-iron hot-water 
radiators; recently, European-style wall 
radiators have become popular. All 
three are shown here, though they are 
not usually mixed in the same house. 

  

Gas or Oil boiler
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Air-venting systems that aren’t working prop-

erly can lead to uneven heating, large tempera-

ture fluctuations, and discomfort. A tune-up can 

increase energy efficiency and comfort dramati-

cally. If the air vents are too small, if there are 

not enough of them, or if they are clogged with 

mineral deposits, air gets trapped in the system, 

and the steam cannot reach its destination. 

Having a professional replace malfunctioning air 

the system. As the steam expands, it displaces air 

contained in the pipes and radiators, and that air 

must be allowed to escape through air vents typ-

ically located on the side of each radiator. Once 

the steam reaches the radiator, the air vent senses 

the heat and closes, keeping the steam inside. 

As the steam emits heat through the radiator, it 

condenses to water and flows back via gravity 

through the same pipes to the boiler.

When air vents don’t 
work properly on a 
steam-heating system, 
it can result in uneven 
heating, large tempera-
ture fluctuations, and 
discomfort.

PROTIP

A common problem 
with steam systems is 
too much pressure. The 
boiler pressure controls 
should be set just high 
enough so that the boiler 
shuts down just as each 
radiator fills with steam. 
Too much steam pressure 
increases the boiler’s 
cycling losses and leads 
to overheating. That 
can particularly be a 
problem if the building 
envelope’s efficiency is 
improved dramatically 
and/or some radiators are 
removed during remodel-
ing. Timed-cycle control-
lers vary the boiler cycle 
length to match the out-
door temperature, further 
improving the system’s 
efficiency.

WHATCAN
GOWRONG

Pipe Insulation
Both hydronic and steam-boiler systems can benefit from insulating distribution pipes, par-
ticularly in unconditioned basements and crawlspaces. Be sure to install insulation neatly, 
and miter the corners to minimize pipe exposure. Use a good-quality tape, where neces-
sary, to hold the insulation in place and keep the seams closed. Wrap the tape several turns 
around the insulation; don’t just run it lengthwise along the seam. And for safety’s sake, 
don’t disturb any boiler piping that appears to have asbestos insulation on it already.

Pipe insulation is inexpensive and widely 
available at hardware stores and home 
centers. Make sure the material used 
on heating pipes is rated to at least 
180°F, because some types will melt on 
heating pipes.

Duct or pipe insulation that 
contains asbestos (the mate-
rial on these steam pipes) can 
be dangerous if it’s disturbed 
or falling apart. Airborne 
asbestos fibers can lead to lung 
cancer and other diseases.

High-density fiberglass pipe insulation is more 
expensive but necessary for the high tempera-
tures found in steam systems. Be sure to measure 
the pipes carefully when ordering the insula-
tion. Due to the large, awkward fittings, it can 
be difficult to cover all the elbows and tees in a 
steam system, but do as much as you can.
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nance; periodically, boiler water should be drained 

to remove sediment and rust. Chemically treat-

ing steam-boiler water reduces corrosion and 

improves steam distribution efficiency. Steam-

boiler water maintenance should always be per-

formed by technicians with experience in local 

water conditions and steam systems.

vents, add extra vents to radiators, or add special 

high-volume air vents to large central supply 

pipes can improve steam-system efficiency by 

quickly getting the heat where it is needed. 

Thermostatically controlled vents can reduce the 

rate of steam delivery to some rooms, reducing 

overheating and improving overall comfort.

Two-pipe steam systems (less common in 

residences) have a separate condensate-return 

pipe. Instead of air vents, two-pipe systems have 

a steam trap at each radiator. Steam-trap main-

tenance is critical for proper operation, and all 

the steam traps in a system should be replaced or 

rebuilt at the same time, not one by one.

In addition to the standard service that every 

boiler or furnace requires regularly, many steam 

systems need periodic adjustments to the water 

level, which is typically done by the homeowner. 

Steam boilers also need regular water mainte-

If you are planning 
to replace an old heat-
ing system with a new, 
energy-efficient one 
(other than a ductless 
heat pump), stick with 
the same fuel and heat-
distribution system.

PROTIP

Atmospheric-vented 
combustion equipment 
depends on waste heat to 
carry combustion byprod-
ucts up the chimney. 
New, high-efficiency 
equipment wastes 
much less heat, but 
cool chimneys can con-
dense water, potentially 
damaging the structure 
and the equipment. Old 
masonry chimneys can 
be retrofitted with new 
liners, which elimi-
nate condensation and 
improve draft velocity. 
Many new furnaces and 
boilers can be vented 
directly through a 
sidewall or band joist, 
eliminating the need to 
upgrade an old chimney. 
Be careful if you upgrade 
your furnace or boiler; an 
atmospheric hot water 
heater left alone to vent 
through an old chimney 
may also cause problems.

WHATCAN
GOWRONG

Zoning Distribution Systems
Dividing a house into multiple heating 
zones, each with separate thermostatic 
temperature control, is often considered an 
energy-saving as well as a comfort feature. 
The theory is that people lower the ther-
mostat independently in parts of the house 
they are not using, reducing heat loss from 
those areas. Rooms that get significant 
solar gain on sunny winter days ideally 
should have their own zone(s), to reduce 
overheating. The simplest form of zoning is 
the installation of multiple heating systems, 
each serving a section of the house. In 
homes with electric baseboards, each room 
is usually a separate zone. Newer two-story 
homes often have a separate furnace and 
air conditioner to serve each floor.

Individual heating systems can be 
divided into separate zones with vary-
ing success. Hot-water boilers can easily 
be zoned with separate circulator pumps 

and piping. Individual thermostatic-radiator 
valves provide optimal room-by-room 
control, but they require special piping to 
operate. Residential steam systems are not 
possible to zone. Furnaces and heat pumps 
can be zoned with special dampers, but 
those installations often suffer efficiency 
problems. 

One way around this problem is to install 
multispeed equipment. Many high-end 
furnaces, boilers, and heat pumps have 
two-speed, or continuously variable (“modu-
lating”) output. This allows the equipment 
to run more efficiently over a wide range of 
demand. It even improves the efficiency of a 
single-zone system, by matching the equip-
ment output to the load as conditions vary. 
A ductless heat pump with multiple heads 
provides both: individual room control and 
variable output.

Years ago, materials containing 
asbestos were commonly used to 
insulate pipes and ducts. Usually 
white and fibrous, asbestos is often 
fragile; if disturbed, it can release 
dangerous fibers into the air. If your 
pipes or ducts appear to have asbes-
tos insulation, don’t touch it. Asbestos 
materials confirmed by a lab test 
should either be covered or removed. 
Learn more at www.epa.gov/asbestos.

S A F E T Y  F I R S T
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them before upgrading equipment—you may be 

able to save some money by installing a smaller 

unit. If your existing heating system is func-

tional but appears to be on its last legs, replacing 

it early can help avoid a big surprise. Deciding, 

rather than being forced, to replace a system 

reduces the panic factor and allows for a more 

reasoned choice. It may even reduce the cost a 

bit, because it won’t be an emergency call.

Efficiency ratings
All new boilers and furnaces have standard-

ized efficiency ratings, just like the gas-mileage 

ratings on automobiles. When selecting equip-

ment, look for the highest efficiency ratings. 

Furnaces and boilers use Annual Fuel Utilization 

Efficiency (AFUE), which accounts for burner 

efficiency, pilot fuel, and off-cycle losses. New 

gas furnaces and boilers have AFUEs of 80 per-

Upgrading or Replacing 
Heating Equipment
Replacing a heating system with a newer, more 

efficient system is expensive, so it will typically 

have a long payback. However, if you have to 

replace a broken furnace or boiler, it is almost 

always cost-effective to select a high-efficiency 

system. However efficient (or inefficient) a house 

shell is, replacing a furnace from the mid-1980s or 

earlier with a 95-percent-efficient unit will save 

between 20 percent and 25 percent of the heating 

bill. Replacing an old boiler can save even more.

On the other hand, if you have a 15-year-old 

unit that’s rated between 80-percent and 

85-percent efficient, the savings will be much 

smaller. It’s probably better to spend your money 

on other efficiency projects. Finally, if you are 

planning a series of efficiency improvements 

to the house, it can be a good idea to complete 

Most steam boilers 
require a periodic addi-
tion of water. This is done 
by opening a valve on the 
inlet water line. Like an 
oil dipstick in your car, 
this sight glass helps you 
monitor the water level so 
you can keep it just right.

When shopping for a new 
furnace or boiler, com-
pare efficiency ratings 
and get the highest you 
can afford.

protip

The vent on the left 
side of this steam 

radiator has an 
adjustment knob at 

the bottom to con-
trol how fast the 

steam fills the unit.
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are many products that exceed the Energy Star 

minimum standards; it’s still worth shopping for 

the highest-efficiency unit you can find.

Choosing a contractor
Replacing a heating system is not a do-it-

yourself project. Because it is a big-ticket item, 

it’s good to interview and obtain bids from at 

least two or three contractors. Don’t be tempted 

by the lowest bid. Consider quality, warranty 

service, energy savings, and customer references. 

Bids should include details on the equipment, 

accessories, installation specs, labor, and associ-

ated costs. Try to find a contractor who is NATE 

certified (see pp. 124–125). If you talk to a heat-

ing contractor who gives you a definite price 

cent to 97 percent. AFUE ratings are available 

from manufacturers or at www.ahridirectory.org. 

Air-source heat pumps are rated using HSPF (see 

p. 121); GSHPs are rated using COP (see p. 125).

The U.S. Environmental Protection Agency 

and Department of Energy (DOE) maintain a 

listing of high-efficiency equipment on their 

Energy Star website (www.energystar.gov/

products); always look for the Energy Star label, 

which indicates that the equipment meets cer-

tain above-minimum efficiency standards set 

by the government. Remember that the ratings 

apply to only the equipment. Installation prob-

lems, improper maintenance, and distribution 

problems (such as duct leakage) can reduce per-

formance dramatically. Also remember that there 

When replacing a heat-
ing system,  bigger is not 
necessarily better. A sys-
tem that is much bigger 
than necessary is more 
expensive to buy and 
maintain. Any heating-
system-replacement bid 
should account for the 
thermal characteristics of 
the house, such as insula-
tion levels, window types, 
and surface areas, rather 
than simply replacing the 
old unit with a new one 
of the same size. Many 
homes start out with 
systems that are too big; 
if the thermal boundary 
and/or ducts have been 
improved, the new sys-
tem will be even more 
oversized. A notable 
exception to this general 
rule: Heat pumps in cold 
climates cost less to 
operate if they are some-
what oversized, because 
they will rely less on the 
expensive supplemental 
resistance heat.

whatcan
gowrong

The yellow Energy Guide label 
indicates the efficiency rating 
of new equipment and provides 
a comparison among similar 
models.

If your furnace or boiler looks 
like this, it may be time to 

replace it with a more efficient 
one, even if it is still running.
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over the phone, or without measuring the ther-

mal components of your house, look elsewhere.

Many high-efficiency furnaces and boilers have 

special installation requirements to ensure that 

they work reliably and don’t have problems. Find 

out whether bidders have experience with the 

specific type of installation that you are discussing. 

Most manufacturers offer training and technical 

support for newer, more sophisticated equip-

ment, so a contractor who tries to discourage you 

from installing high-efficiency equipment may be 

unwilling to read the directions or ask for help.

When replacing a heating system, it gener-

ally doesn’t make sense to switch fuels or replace 

an existing distribution system with a different 

type. The most likely exception to this rule is 

the replacement of an electric furnace with a 

heat pump or fuel-fired furnace. The addition of 

a high-efficiency, single- or multi-zone ductless 

split heat pump can be a good supplement for 

electric-resistance heat, or to offset or replace 

Hydro-Air Systems
Hydro-air systems are hybrids. They 
deliver heat to a house by blowing warm 
air through ductwork, like a furnace 
does, but the heat source is usually 
a hot-water boiler. Hydro-air systems 
typically use only one heating appli-
ance (such as a wall-hung condensing 
boiler) to produce heat and hot water 
for the house, improving efficiency and 
reducing maintenance. Hot water can be 
easily piped to several zones with sepa-
rate air handlers in different parts of the 
house, without needing to match airflow 
to burner capacity. Hydro-air handlers 
can also be easily integrated with air-
conditioning.

Hydro-air handlers use hot water cir-
culating through a heat exchanger, 
or fan coil, to heat air pushed 
through by the blower. The “A” coil 
in the foreground is for cooling. 

an LP-gas or oil-fired heating system. It’s less 

expensive than a whole new furnace or boiler 

and can reduce both operating costs and green-

house gas emissions. Except for changes in the 

distribution system for the purpose of improv-

ing comfort or efficiency (such as duct-system 

changes to increase airflow), the large expense of 

replacing distribution equipment is rarely justi-

fied. If you are replacing a heat pump with a 

new, efficient unit, be aware that the indoor coil 

must be properly matched to the outdoor unit 

for proper operation and rated efficiency. If you 

get a proposal to replace only the outdoor unit, 

start asking questions.
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Air-conditioning—either centrally installed or 

mounted in a wall or window—can be a big electric-

ity user in many houses, but it is possible to cut 

your spending and still keep cool. First, we’ll explore things you 

can do to reduce the cooling loads in your house to cut air- 

conditioning costs. Next, we’ll look at ways to maintain and 

operate any air-conditioning system properly for maximum 

efficiency. Simple maintenance, proper servicing, and one-time 

upgrades can keep your air-conditioning system in tiptop shape. 

Finally, we’ll look at what to do when it’s time for a new air 

conditioner, either as a replacement for an existing system or 

as a new home improvement.

Although you may not be able to pay for a new, efficient air 

conditioner in energy savings alone, when you do buy one you 

should buy the most efficient one you can find. This chapter will 

help you find a contractor who can correctly size and install a 

new system. 444

Air-
conditioning

1

2

3

4
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Cooling Basics
Heat flows from a higher temperature to a lower 

one. In winter, houses lose heat; in summer, they 

gain it. Just as heating bills benefit by reductions 

in heat loss, cooling loads—and bills—benefit by 

reductions in heat gain. Most summer heat gain 

comes from three places: solar radiation, internal 

gains, and air leakage in the building and ducts.

Where does the heat come from?
In the winter, the largest energy loads in most 

homes come from conductive heat loss through 

walls, ceilings, and windows. Air leakage in the 

building enclosure and ducts are a close second. 

Radiation effects are minimal.

In hot weather the tables are turned. 

Conduction plays a minor role; the source of most 

air-conditioning loads is solar radiation through 

windows and uninsulated roofs. The same solar 

heat gain that provides free heat in winter is a 

major driver of air-conditioning in summer. And 

it’s not just south-facing windows; in fact, east- 

and west-facing glass contribute more to air- 

conditioning per square foot than south-facing 

glass. Even conductive heat gains through a poorly 

insulated attic are largely driven by radiation, 

when the sun shining on the roof superheats the 

attic far above outdoor temperatures.

Internal gain is the name for heat that is gener-

ated inside a building by lights, appliances, and 

people. It is significant, and can exceed all other 

sources besides windows. Some things that we do 

indoors, such as cooking, dishwashing, showering, 

and bathing, are obvious sources of heat. Anything 

that uses electricity gives off heat: refrigerators, 

lighting, televisions, computer equipment, and 

their accessories. There are less-obvious sources 

too, such as standby loss from water heaters.

In addition to solar and internal heat gains, 

duct leakage in a central air-conditioning system 

is also a large contributor to cooling energy 

use. Building-shell leakage is a smaller driver in 

hot climates, but it’s still important to seal leaks 

in humid climates to reduce the risk of hidden 

condensation in wall or floor cavities.

How air conditioners work
Virtually all residential air-conditioning systems 

use a compressor-driven refrigerant vapor cycle 

to cool house air. The compressor cycle controls 

refrigerant temperatures in the condenser and 

evaporator coils, which absorb heat from indoor 

air at a low temperature, then reject it outdoors 

Some appliances use 
electricity even when you 
think they are turned off. 
Set-top boxes such as 
DVRs and cable televi-
sion decoders are a com-
mon example: If they’re 
plugged in, they’re con-
suming energy whether 
they’re being used or 
not. Anything that turns 
on with a remote con-
trol draws energy con-
tinuously, staying on to 
receive the signal from 
the remote. Many con-
sumer electronics use 
power whenever they 
are plugged in. The good 
news is, new electronic 
devices are becoming far 
more energy-efficient in 
idle or “standby” modes. 
The bad news is that 
most American families 
add electronic devices 
over time, offsetting effi-
ciency gains.

INDETAIL

This wall cube draws 
power even when noth-
ing is plugged into it. 

Southern House  ­
(Dallas) Cooling Dollars
Here is a breakdown of the cooling loads of a typical 
Dallas house. The building enclosure and ducts are 
fairly leaky, and the ceiling and walls are moderately 
insulated. As the chart indicates, most of the heat 
comes from the windows, ducts, and the heat gener-
ated inside the house (internal gains).

FYI:  the segments add up to 101% - ???

SOUTHERN HOUSE NORTHERN HOUSE

(From Ch. 5 punchlist sent by Bruce 3/24)

7B Southern House (sent by Amy 3/16)

Internal gains,
12% Windows,

29%

Walls, 6%
Leaks,
11%Roofs,

9%

Ducts,
27%

Doors,
1%

Slab,
5%
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at a higher temperature. Air conditioners, heat 

pumps, and refrigerators all use the refrigerant 

vapor cycle to essentially push heat uphill, from 

a cooler place to a warmer place. An air condi-

tioner pushes heat from the cool indoors to the 

hot outdoors, cooling the interior. In addition to 

sending indoor heat outdoors, an air conditioner 

must also reject the heat generated by the com-

pressor and fan motors.

Another aspect of air conditioners is their 

ability to dehumidify, as well as cool, indoor 

air. This happens when water condenses on the 

cold fins of the evaporator coil as humid air 

passes across them. As noted in “Energy Basics” 

(see the sidebar on p. 23), dehumidification 

is an important component in maintaining 

healthy indoor air quality and comfort. Water 

that is evaporated in air contains quite a bit 

of heat energy, which must be accounted for 

in the system’s design. The energy required to 

remove excess humidity is called latent load, 

and it comes from moisture sources within the 

home and, in humid climates, outdoor air leak-

ing indoors.

All fans generate heat 
If you run ceiling fans but 
don’t set the thermostat 
at a higher temperature, 
this heat will actually 
increase your cooling 
energy needs.

protip

Most central air conditioners are split systems, like the one 
shown here. Hot refrigerant coming from the compressor is 
cooled in the condenser coil, then piped into the air handler 
unit. The temperature of the liquid refrigerant drops rapidly 
as it expands into the evaporator coil, cooling the air by 
15°F to 25°F as it passes through the coil. Water condensing 

Supply
register

Supply
register

Supply
register

Return
register

Condenser
 unit

Fan pulls air 
through coil

Condenser coil 
dumps heat 
outdoors.

Compressor and 
refrigerant controls

Refrigerant lines

Warm
outdoor air

Outdoor air heated 
by condenser unit

Air filter

Condensate pump collects water,
pumps it up to drain.

Blower

Furnace or air handler

Condensate pan collects water dripping from coil.

Evaporator coil removes heat from airstream.Supply ducts carry
cool air to house.

Return 
duct 
carries 
house 
air to 
A/C unit.

Yellow arrow = Warm outdoor air
Green arrow = Outdoor air 
heated by condenser coil

on the coil drips into a metal pan, where it is piped to a 
drain or condensate pump for removal.The evaporator coil 
may be mounted in or above a furnace or in a dedicated 
air handler, or it may share the air handler cabinet with 
a hot water hydro-air coil.

Central Air-Conditioning System
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reduces the system’s run time and saves energy. 

An automatic thermostat can do that for you, 

bringing the temperature to a comfortable level 

before you arrive home. Clock-thermostats are 

available to handle both heating and cooling set-

backs (see p. 110).

Fans can also help raise the temperature at 

which you feel comfortable. By installing an 

efficient ceiling fan and keeping the air moving 

in occupied rooms, most people can comfort-

Reducing Loads
With cooling, just as with heating, as the loads 

are reduced you spend less to stay comfortable. 

Think of the air conditioner as removing heat 

that builds up, rather than “cooling down” the 

house. The better you are at preventing heat 

from building up, the less heat your air con-

ditioner must remove and the less time it will 

have to run—saving you money. There are two 

approaches to reducing cooling loads: reducing 

your need for cooling, and reducing heat gains 

in your house.

Reduce the need for cooling
Although I always try to emphasize energy 

efficiency without sacrificing comfort or utility, 

one surefire way to cut cooling costs is to use 

your air conditioner less. A house with more 

insulation, better windows, and less air leakage 

is comfortable with no air-conditioning for 

more of the summer. Setting the thermostat 

higher, particularly when the house is empty, 

In warm weather, an 
efficient ceiling fan can 
make a room feel 4°F to 
6°F cooler than a room 
without one.

PROTIP

All central air condition-
ers have a drain pan 
underneath the evapora-
tor coil to collect water 
from the humid air that 
condenses on the coil. 
If the pan is out of level, 
or has a lot of junk in it, 
water sitting in the pan 
can re-evaporate during 
the off-cycle, undoing 
some of the dehumidi-
fication the system has 
accomplished. 

WHATCAN
GOWRONG

If your air-conditioning 
unit is below the house’s 
drain system, you should 
have a condensate pump 
to collect water and 
pump it up into a drain. A 
malfunctioning pump can 
be a source of moisture 
in the basement or crawl-
space.

When you buy a ceiling fan, always choose an 
Energy Star model. Hundreds are available, 
with or without built-in efficient lights, for $75 
to $225 each. 

Whole-House Fans
A whole-house fan, unlike an indoor 
fan, is designed for nighttime cooling. 
Its purpose is to replace air rapidly, fill-
ing the house with cool, dry outdoor 
air. Windows or doors must be open 
while the fan is on; it’s also important to 
have adequate attic venting to ensure 
the exhausted air gets out. Of course, 
it should be run only when outdoor air 
is more comfortable—cooler and drier—
than indoor air. After running a whole-
house fan for an hour or two late at night 
or early in the morning, close windows 
and doors tightly to retain the cool air as 
the day warms up.

Unlike most whole-house ventilation fans, 
this super-efficient model by Tamarack 
Technologies has a motorized, insulated 
cover with good weatherstripping. 
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ensure that the fan exhaust goes outdoors rather 

than back into the house.

Another way to reduce air-conditioning 

loads (often used in commercial buildings) is 

with an economizer cycle, which uses an enthalpy 

sensor connected to a central air conditioner to 

determine when outdoor air is cooler and drier 

than indoor air. When the thermostat calls for 

cooling during those times, the economizer 

runs the air-handler fan and opens a damper to 

bring in outdoor air. This can serve a majority 

of cooling needs in relatively dry climates with 

large day-night temperature swings (30°F or 

more): that is, much of the southwest United 

States. DuroDyne Corporation makes a set of 

components for a residential economizer: the 

Duro-Zone® Fresh Air Intake and Economizer 

Control Center (www.durodyne.com/DZ_aqc.

php). Advanced Energy Products makes a full-

scale system: the NightBreeze®, suitable for a 

ably increase the temperature setting of their 

thermostat by 4°F to 6°F, saving 20 percent 

to 35 percent on their cooling bills. Fan flow 

should point downward to maximize the feel-

ing of air movement in the room. Oscillating 

and box fans can also provide portable comfort. 

When using any type of indoor fan, remember 

that it will keep people cool only while they 

are in the room. Turn off fans when you are not 

using them, because they generate heat.

Ceiling-mounted whole-house fans that 

exhaust into the attic are another popular 

method to reduce the need for cooling, but they 

must be used properly to be effective. Air leaks 

between the attic and house must be sealed, and 

the attic must be well vented to the exterior, to 

A simple fan can keep you more comfortable 
in hot weather and reduce your need for air-
conditioning. But turn it off when you (or ­
your cat) aren’t in the room, because fans ­
generate heat.

Solar control screens can 
cut up to 80 percent of 
the solar heat gain while 
looking similar to normal 
insect screens. Some 
products can eliminate up 
to 95 percent of the solar 
energy, but with more 
noticeable reductions 
in light and view. Solar 
screens can be clipped 
onto the exterior for the 
season, or permanently 
mounted; for additional 
cost, interior or exterior 
roll-up shades are avail-
able. Exterior shades are 
more effective, but inte-
rior shades allow for easy 
adjustment. High-end 
products offer remote-
control motorized opera-
tion from inside or out.
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new installation or major renovation; see www.

advancedenergyproducts.com.

Reduce heat gains
The two big sources of heat gain that create 

cooling loads are solar gains (through windows 

and the attic) and internal gains. There are sev-

eral strategies to prevent solar gains from heating 

a house in the first place. Shade the house with 

trees, shades, or architectural-shading devices 

(see the photo at right on p. 216); reflect solar 

energy with light-colored roof coatings and 

solar-control glazing; and, of course, insulate 

If you’re thinking of 
coating an existing roof 
surface to gain higher 
reflectivity, don’t paint 
or coat a roof that needs 
repair. If the surface or 
decking is rotten, the 
coating won’t stick to or 
protect it. Any low areas 
where water pools up 
must be leveled first. 
Don’t try to apply a 
coating in cold or wet 
weather, as it will not 
cure properly. Also, avoid 
ceramic beads, which are 
sold as a paint ingredient 
or additive. They don’t 
increase reflectivity, but 
they do make paint more 
difficult to apply and may 
shorten its service life.

whatcan
gowrong

The amount of solar gain coming through a window depends heavily on the sun’s angle: 
The closer it is to a right angle (shining straight in), the more energy that enters the house. 
In summer, most unwanted heat gain comes through skylights and east- and west-facing 
windows. In winter, most useful heat gain comes through south-facing glass. 
In spring and fall, solar gains are more mixed by direction, and the best strategies to 
minimize energy use depend on the overall climate. 

The annual route of the sun’s path works to our advantage in trying to control solar gains 
in most of North America. Moderate shades or overhangs on the south side can virtually 
eliminate solar gains in summer, while still admitting plenty of free solar energy during cold 
months, when the sun is low. To reduce unwanted gains in summer, deep overhangs, shades, 
or large trees are needed to avoid punishing solar radiation from the east and west.

In summer, the sun’s
angle is high in the sky
at midday. Solar heat 
gain through south-facing
glass is minimal.

In summer, the sun 
shines on east-facing
windows for much of 
the morning, creating
unwanted heat gain.

In winter, the sun’s
angle is low in the 
sky at midday, allowing
solar heat gain through
south-facing windows.

The sun’s path 
in spring and fall

The sun’s path 
in summer

West

EastSouth

North

The sun’s path 
in winter

In summer, the afternoon 
sun shines on west-facing
glass when outdoor 
temperatures are at 
their highest.

solar gain

Interior shades 
cut down on 
solar gain but 
not as well as 
exterior shad-
ing does. The 
sun still heats 
the window and 
the air between 
the shade and 
the glass—air 
that slowly 
mixes with the 
house air.
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walls, and roof. In very hot climates, where win-

tertime solar gain is less beneficial, shading the 

south side of a house provides a net savings.

You can also prevent solar heat from entering 

windows with solar-control glazing or transpar-

ent solar-control films. Choose products with 

the lowest possible SHGC rating, or the highest 

“solar rejection” rating, for all glass on the east, 

southeast, southwest, and west sides. In very hot 

climates, you’ll want the same treatment on the 

south as well.

Solar gain on roofs is especially important for 

homes where cooling ducts and equipment are 

located in the attic, because during peak cool-

ing conditions the attic is typically hotter than 

outdoors. Research has shown that roof color 

has a large impact on solar gain into attics. The 

most reflective roofing materials do the best job, 

and they can reduce cooling loads by 20 percent 

or more when compared to dark-gray asphalt 

shingles (see the chart on p. 144). Although 

saving on cooling energy certainly won’t justify 

replacing your roof, if you live in a hot climate, 

consider using reflective, light-colored sheet 

metal, metal tiles, or cement tiles when you do 

have to reroof. Don’t assume that light-colored 

and seal attics, attic ducts, and exterior walls. To 

cut internal gains, focus on reducing the energy 

use of lighting and appliances.

Reduce solar gains
Shading has a large impact on cooling loads. 

Because of the predominance of solar gains 

from southeast-, east-, southwest-, and west-

facing windows, the most effective strategies 

in any climate involve shading those windows. 

Internal shades can help (the lighter in color 

and the more opaque, the better), but they  

still allow some heat to come in through win-

dows. More effective are cellular shades that  

fit snugly on all four sides; they provide a buffer 

between the house and the heated air behind 

the shade.

The best approaches to shading are on the 

exterior, preventing the sun’s heat from ever 

reaching the glass. Solar screens can cut solar 

gain significantly while maintaining a low 

profile. Architectural details such as overhangs, 

awnings, light shelves, and exterior shutters all 

work well. Landscaping with trees or installing 

a trellis with thick vegetation can provide an 

attractive solar shield and shade the windows, 

Large overhangs, 
trellises, porches, 
and other architec-
tural details can 
significantly reduce 
unwanted solar gain. 
In mixed and cold 
climates, avoid large 
overhangs on the 
south side. 

Cooking is a source of 
indoor heat gain. In sum-
mer, grilling outdoors 
and using a microwave 
oven can help reduce 
cooling loads.

protip
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asphalt shingles are highly reflective. Only the 

surface granules are colored, so white composi-

tion shingles are only slightly more reflective 

than dark-colored ones, and they won’t provide 

much savings.

Reflective roof coatings can also save on 

cooling, at a much lower cost than a whole 

new roof. Acrylic elastomeric coatings with 

high reflectivity can easily be applied with a 

paint roller on built-up or membrane roofing 

materials. At $20 to $25 per gallon for high-

quality products, these coatings may not be 

cost-effective if you consider only energy sav-

ings. However, because the roof surface will 

be cooler, they may also extend the life of 

existing roofing materials, which also saves on 

maintenance.

Moving into the attic, a radiant barrier is a 

retrofit that can save on cooling, but it is likely 

to be cost-effective only in climates with large 

cooling loads. Both radiant barriers and light-

Roofing Reflectivity
The more reflective your roofing 
surface, the lower your cooling bills 
will be. White metal, metal tiles, and 
elastomeric coatings have the high-
est reflectivity; black and gray have 
the lowest. White asphalt shingles 
also have relatively low reflectivity. 
Reflectivity may decline over time, 
but a quality product will retain at 
least 50 percent of its rating after 
several years. The Energy Star pro-
gram labels roofing products (mostly 
coatings and commercial roofing 
products, as well as some clay tile 
and metal roofing) that meet mini-
mum performance standards, includ-
ing longevity. For a list, see www.
energystar.gov/products and look for 
the link to “Roof Products.”

Roofi ng Performance

Roofi ng Type

White elastomeric and acrylic coating

Typical 
Refl ectivity Performance

White anodized metal

White EPDM rubber

White clay tile

White asphalt shingles

Gray asphalt

70%-85%

75%-80%

75%

50%-60%

25%

10%-20%

Very good*

Good

Moderate

Poor
Black asphalt or EPDM 5%

*Note: White roof coatings on fl at or cathedralized ceilings can rot the roof—especially in desert 
climates. Night-sky radiation can repeatedly cool the roof below the dewpoint, causing extensive 
condensation. White roofs in dry climates should be insulated with closed-cell polyurethane foam 
sprayed onto the underside of the roof sheathing or rigid insulation above the structural deck.

A highly reflective roof can save on air-
conditioning bills in hot climates. 
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Reduce internal gains.
As shown in the pie graph on p. 138, heat gener-

ated inside a house can add a lot to the home’s 

cooling energy needs. Replacing lights and 

appliances with more energy-efficient products 

saves energy in two ways: by reducing the elec-

tricity required to run those products, and by 

reducing indoor gains. “Appliances, Electronics, 

and Lighting” has more detailed information on 

maximizing appliance and lighting efficiency; 

colored roofs should take a back seat to adding 

attic insulation and sealing and insulating duct-

work. It’s easy to find misinformation and 

inflated marketing claims about radiant materials, 

so it’s important to understand what they will 

and won’t do.

Radiant barriers are not insulation, and they 

don’t “block” heat. What they do is reduce radi-

ative coupling, in this case between a roof and 

the exposed surfaces below. In a well-insulated 

attic with no cooling equipment or ducts, a 

radiant barrier provides about the same savings 

as 2 in. to 3 in. of additional loose-fill insulation; 

but insulation is generally cheaper, and it will 

also save heating energy. The radiant barrier may 

even increase winter heating costs by lowering 

the average attic temperature. However, if you’re 

in a hot climate and your attic contains air-

conditioning ducts and equipment, installing a 

radiant barrier is an inexpensive way to “move” 

the air-conditioning system to a cooler place, 

and you should see some real savings. Similarly, 

if you have leaky ductwork in a cathedral ceil-

ing or an attic with no access for sealing, a 

white, reflective roof or coating can also mean 

noticeable savings.

A radiant barrier 
attached to the bottom 
of roof rafters can sig-
nificantly reduce attic 
heat gain, but don’t use 
it as a substitute for 
insulation.

Radiant 
Barriers
Radiant barriers are reflective 
surfaces—usually heavy foil or foil-
coated sheet stock (mylar, kraft 
paper, or foam insulation)—installed 
between a roof deck and an insu-
lated ceiling. The shinier the foil, the 
better it works. Look for products 
with high reflectivity (0.9 or more) 
and low emissivity (0.1 or less). 
Costs range widely ($0.10 per sq. 
ft. to $1.00 per sq. ft.), and the inex-
pensive products generally work 
as well as the pricey ones; stay 
away from fancy materials like foil-
faced bubble wrap. Some radiant 
products have a foil facing on only 

one side, which is fine, but the foil 
should face down toward the attic.

Many spray-on radiant paint 
products are also available, but 
they tend to have lower reflectiv-
ity. They may work better, how-
ever, in a truss attic with limited 
ability to apply sheet products. 
Don’t install radiant barriers on 
the attic floor over existing insula-
tion, because they won’t work.

Leaks in air-conditioning ducts waste a lot 
of money, particularly when the ducts are in 
an attic. Sealing connections thoroughly with 
mastic is vital to proper air-conditioner
operation.

This gap between the air-conditioner return 
duct and the drywall sucks hot attic air into 
the air handler. It should be caulked or sealed 
with mastic.
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Maintenance and Upgrades
Like most other equipment, air conditioners 

need regular maintenance and service. Some 

things you can probably do yourself, whereas 

others require a professional technician.

all of the steps listed there will reduce cooling 

energy requirements as well.

In addition to minimizing internal heat gains, 

it is also helpful to reduce or minimize moisture 

sources in the home, which add to the latent 

(dehumidification) loads. Use exhaust fans when 

cooking and bathing, and take any necessary 

steps to reduce large moisture loads.

Duct insulation and sealing
Air-conditioning ducts have the same leakage 

and insulation issues as those of heating ducts. 

In fact, leaks and missing insulation in attic 

ductwork hurt air-conditioning systems more 

than heating systems, because during peak 

cooling times attics are usually much hotter 

than outdoor ambient temperatures. All air-

conditioning ducts in attics, crawlspaces, and 

garages should be thoroughly sealed and insu-

lated (as described on pp. 112–116).

When an air-conditioning 
condenser coil is located 
in a sunny spot or on a 
roof, it is at a disadvan-
tage by trying to eject 
heat into air that is being 
warmed by the sun. 
Keeping a condenser coil 
in the shade by plant-
ing trees or tall bushes, 
building a trellis, or oth-
erwise shading the area 
around it can help it run 
more efficiently. However, 
be careful not to interfere 
with the air circulation. 
The condenser coil needs 
unrestricted airflow to 
work efficiently.

TRADE
SECRET

Air conditioners depend 
on free airflow and should 
never be installed (like 
this one) in a restricted 
area—even if it keeps 
them in the shade.

Dehumidifiers
In a humid climate, air-exchange ventilation will not 
reduce the relative humidity in the house in warmer 
months. Typically, air-conditioning controls moisture 
levels. But as you reduce cooling loads by cutting solar 
gains and installing efficient lights and appliances, air 
conditioners need to run for less time, reducing the 
dehumidification effect. You may need a stand-alone 
dehumidifier to control moisture levels. When com-
bined with air-conditioning, it can actually save energy 
by helping you feel more comfortable at higher tem-
peratures.

Consider using a high-efficiency dehumidifier, 
either integrated with your HVAC equipment or as 
a stand-alone unit. The high-capacity, ultra-efficient 
dehumidifier shown here is good for unusually heavy 
moisture loads, but a standard-size model will work for 
most houses. Always choose a unit that’s Energy Star 
rated, and look for the most efficient one you can find.

This room air-conditioner filter can easily be 
rinsed, dried, and replaced to keep it running 
as efficiently as possible.
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dirt deeper into the space between the fins. 

Instead, using a long-bristle brush with flexible 

bristles, carefully insert the bristles between the 

fins, and lift the dirt from behind.

Regular service
Regular service calls—typically every two to 

three years—should include testing the controls, 

checking and cleaning the blower, condenser, and 

Airflow
Like heat pumps and furnaces, air-conditioning 

systems depend on adequate airflow to remove 

heat efficiently from your house. Whether you 

have a central air conditioner or individual 

room units, check the filters regularly and 

clean or replace them when they are dirty—

once or twice a season should be adequate. 

Because airflow is important, do not shut off 

any of the supply registers in the system—

especially if the ducts are located in an attic, 

garage, or crawlspace.

Cleaning air coils
When filters don’t work properly or air gets 

around them, the evaporator coil can become 

clogged with dirt and dust. Depending on the 

system, you may need a service technician to 

access the coil. If you can reach it yourself, lift 

the dirt from behind with a stiff brush. Be care-

ful not to drive dirt further in or bend the fins.

The outdoor condenser coil should also be 

kept clean and free of dirt and debris. Don’t 

spray water directly at the coil, which may drive 

A filter slot without a cover allows an 
air conditioner to suck dust and dirt 
past the filter. It may also pull return 
air from places it shouldn’t, such as 
the attic, garage, or crawlspace.

A good filter cover should 
fit tightly but not require 
tools to remove.

Don’t ever turn off 
an air conditioner—
either at the circuit 
breaker or at the 
thermostat—and 
then turn it right 
back on. The com-
pressor may not be 
able to handle the 
heavy load when 
it tries to restart, so 
wait at least 5 min-
utes. Many new sys-
tems have a built-in 
time delay, but you 
risk expensive dam-
age in a system that 
doesn’t. Of course, 
don’t attempt any 
service on an air 
conditioner unless 
you know exactly 
what you are doing 
and have turned off 
the power at the cir-
cuit breaker.

S A F E T Y 
F I R S T

Dirt can build up on the surface of an evapo-
rator coil. To remove it, carefully insert brush 
bristles between the fins, then lift the dirt from 
behind (but don’t bend the fins). 

Once an air-conditioner system has been emp-
tied with a vacuum pump, the correct amount 
of new refrigerant can be measured with a 
scale (visible at right).
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Once airflow is correct, the superheat or sub-

cooling must also be measured carefully (which 

one depends on the type of system). Technicians 

can also use one of several automated systems that 

simultaneously monitor internal temperatures and 

pressures and allow trained users to analyze air-

conditioner operation and charge level.

New Air-Conditioning 
Systems

If you live in a hot climate and have central air-

conditioning that is 20 years old or more, replac-

ing your system with a new, energy-efficient 

model should pay for itself in a reasonable time. 

High-efficiency systems on the market today 

are more than twice as efficient as systems from 

the 1980s. But before running out and replacing 

your system, you will first need to do two other 

things: Finish any upgrades on the building 

enclosure, and become familiar with air- 

conditioning products and installation criteria.

Of course, if you have a fairly new system 

(less than 10 years old), it is probably more cost-

effective to maintain it and keep it running 

as efficiently as possible until it wears out. As 

always, energy-efficient upgrades always cost the 

evaporator coils as needed, checking the insula-

tion on the refrigerant lines, and checking the 

condensate drain. An initial service appointment 

should include testing and fixing any airflow 

problems, and then carefully measuring and cor-

recting the refrigerant charge. Like a heat pump, 

once that has been done, service technicians 

should not attach refrigerant gauges to the system 

unless there is evidence that something is wrong.

Like a heat pump, an over- or undercharged 

air conditioner is less efficient (particularly 

older models), and systems are often improperly 

charged. Airflow must be in the recommended 

range of 400 CFM to 425 CFM per ton before 

the refrigerant charge can be measured. In prac-

tice, though, few technicians bother to test airflow.

It is difficult to test airflow in an air condi-

tioner that has no heat source. Temperature drop 

(measured just like temperature rise; see p. 119) 

can work if you know the charge is correct. 

However, measuring the charge properly if you 

haven’t checked the airflow requires purging 

and weighing the correct amount of refriger-

ant. Airflow can also be measured near the air 

handler by a skilled technician with a pitot tube 

or anemometer. A flow hood can be used at the 

return register(s), but it will underestimate air-

flow by the amount of any duct leakage.

Other than weighing it, a proper refrigerant 
charge can be verified only by a superheat or 
subcooling test once the airflow is known to be 
correct.

In dry regions, 
evaporative coolers 
(called swamp coolers) 
provide very efficient 
cooling. Water runs 
through a damp pad or 
fiber matrix, and air is 
blown through the pad 
and into the house. As 
the water evaporates, 
it absorbs energy and 
cools the air in much the 
same way that perspira-
tion evaporating from 
the skin cools our bodies. 
For evaporative coolers 
to work, the outdoor air 
must be dry enough to 
absorb a lot of moisture. 
Look for a unit with a 
high-efficiency motor. 
Two-stage “indirect/
direct” evaporative cool-
ers provide additional 
cooling capacity, though 
they cost more to install.

INDETAIL

An evaporative cooler 
can provide indoor com-
fort at a much lower cost 
than air-conditioning, but 
they are effective only in 
a dry climate.

Once the proper charge has been verified, a 
service technician should not attach gauges or 
add refrigerant to a system unless its perfor-
mance declines.
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unit, the contractor should be able to demon-

strate that the existing indoor coil is listed for 

use with the new outdoor unit; don’t accept 

“don’t worry, it’s fine the way it is” as an answer.

Sizing a system
Proper sizing has been emphasized as a key  

efficiency issue for years in the energy-effi-

ciency world, but there’s little evidence that it 

affects operating costs very much. Duct leakage 

and insulation in unconditioned spaces are far  

more important, especially with modern, high- 

efficiency equipment. Oversized air conditioners 

do cost more to buy and maintain and require 

more airflow and larger ductwork.

least when you are fixing or replacing something 

anyway. If your old air conditioner is on its last 

legs or not operating, replace it with the most 

efficient unit you can find.

High-efficiency air-conditioning
New central air conditioners are rated for 

energy performance with a Seasonal Energy 

Efficiency Rating (SEER). SEER ratings are 

measurements under standardized test condi-

tions of Btu per hour of cooling output, divided 

by input watts. The higher the SEER, the more 

efficient the system. New central air condition-

ers are required to have an SEER rating of at 

least 13; the most efficient units have SEER 

ratings from 16 to 23. Some of the best high-

efficiency systems have two-speed compressors; 

the lower speed provides better, more efficient 

cooling and dehumidification under mild, part-

load conditions.

When you are replacing a central air- 

conditioning unit with a more efficient one, it’s 

very important to match the new outdoor unit 

and the indoor evaporator coil. You may be able 

to save some money on the installation by keep-

ing your old coil, but be careful: you’re unlikely 

to get the full efficiency ratings of the new unit. 

If you get a proposal to replace only the outdoor 

Any air conditioner that is more than 20 years 
old is a good candidate for replacement with 
a new, more energy-efficient unit.

New air-conditioning systems are more than 
twice as efficient as the minimum standards of 
20 years ago—the best ones have almost triple 
the efficiency.

It’s better to undersize 
rather than oversize an 
air-conditioning system, 
because it will run  
more efficiently and 
dehumidify better.

protip
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footage of the house. These methods usually 

result in air conditioners that are too big; if 

energy improvements were made to the build-

ing, the error can be very large.

You can get a sense of how your existing 

system is sized by noticing the run time on a hot 

afternoon. For example, if your air conditioner 

runs 40 minutes of every hour, it is already 

1.5 times too large; if it runs 30 minutes of 

every hour, it is twice as big as it needs to be. Of 

course, that assumes the machine is operating 

properly and does not have significant duct leaks. 

An air conditioner is optimally sized (and most 

efficient) if it runs continuously on the hottest 

afternoons of the year and maintains reasonable 

comfort.

Correct load calculations are based on your 

home’s window size, the glass type, and the size 

and R-values of the walls and roof. The proper 

size also varies with the direction the home 

faces: Sometimes a 90-degree rotation can cut 

the cooling load in half. If a contractor gives you 

Dehumidification, which depends on air 

flowing through the evaporator coil for enough 

time to extract condensed moisture, is one 

important reason to carefully size an air- 

conditioning system in humid climates. When 

an oversized system runs for only a few minutes, 

the moisture may just start to collect on the coils 

before the thermostat is satisfied. Once the unit 

shuts down, the moisture re-evaporates into the 

house. An air conditioner that is too large by 

50 percent to 100 percent will be unable to con-

trol humidity effectively, so people may tend to 

set the thermostat lower to compensate. Many 

new, efficient air conditioners have multiple 

speeds or special dehumidification modes that 

can effectively compensate for oversizing; if 

you are in a humid climate, consider one of 

these features, or get a stand-alone dehumidifier 

(see p. 146).

There are two ways that most contractors 

select the size of a replacement system: Match 

the size of the old unit, or based on the square 

Window- or wall-mounted 
air conditioners have 
lower efficiency ratings 
than central systems, 
but there are no ducts to 
waste the cold air. And 
cooling only one or two 
rooms can use much less 
energy than cooling an 
entire house.

Ductless mini-split air 
conditioners are a great 
alternative to window 
units. They are more 
efficient and quieter, and 
they don’t use up a win-
dow (or allow air leak-
age). The most efficient 
units on the market are 
also heat pumps that can 
save money on your heat-
ing bills, too (see p. 124). 
A mini-split costs about 
10 times as much as a 
decent window unit, but 
may cost a third to a half 
as much as retrofitting 
central air into an exist-
ing home.

trade
secret

A high-velocity duct system is another option for retrofitting central air-conditioning in a house 
with no ducts. The narrow ducts can easily be snaked through places where conventional duct-
work would never fit. 
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a price for an air conditioner on the phone, or 

simply offers to replace the existing unit with a 

new one of the same size, get a bid from some-

one else, especially if you have already made 

energy improvements in your house. The money 

you save by buying a smaller unit may pay for an 

efficiency upgrade.

When installing a new air conditioner, shop 

for value, not just for price. Other things to look 

for when assessing bids on new air-conditioning 

equipment include the warranties (from both 

the manufacturer and the installer), service con-

tracts, longevity of the business, customer refer-

ences, and technician knowledge. Try to find a 

contractor who is an Energy Star partner and/or 

NATE certified, or regularly attends manufac-

turer’s trainings.

EER versus SEER
You can compare the efficiency of central air-
conditioning systems using their Seasonal 
Energy Efficiency Ratings. Room air condition-
ers are rated using the Energy Efficiency Ratios 
(EER) rather than SEER. SEER and EER are 
both units of Btu per watt, but EER is measured 
under hotter outdoor conditions than SEER is, 
so the EER appears to be lower for an otherwise 
identical efficiency.

To find the SEER rating for central air-
conditioning equipment, look up the model 
number online at www.ahridirectory.org, under 
“Residential Certified Products.” The Energy Star 
labeling program covers both room and central 
air conditioners; any product with the Energy 
Star label has been tested to meet higher effi-
ciency and performance standards. Log on to 
www.energystar.gov and look under “Find prod-
ucts—heating and cooling—air conditioners.”

All new air conditioners have an 
Energy Guide label that shows its 
efficiency rating, as well as a com-
parison with the ratings of other 
units of the same type. Room units 
have an EER, while central systems 
have a SEER.

Many states have 
new-construction energy 
codes that require siz-
ing calculations for 
air-conditioning equip-
ment. Codes specify the 
use of statistical design 
temperatures, which 
are not the most severe 
temperatures ever seen 
in a given location. The 
calculation procedure 
allows for a generous 
margin of safety; other 
margins do not need to 
be built into the calcu-
lations. Unfortunately, 
few building inspectors 
pay attention to these 
code requirements, even 
where they have been 
adopted in their states. 
However, they are a criti-
cal foundation for a good 
system design, both in 
new construction and in 
existing homes.

ACCORDING
TO CODE
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Replacing 
Hot-Water 
Systems
p. 164

Maintenance 
and Efficiency 
Upgrades
p. 157

Hot-Water 
Conservation
p. 154

Hot water, like heat, is a necessity in all 

modern homes. In very efficient homes, water 

heating can be a larger load then heating, air-

conditioning, or electrical appliance use. The annual cost for 

your hot water is driven by two factors: usage and efficiency. 

Reducing the amount of hot water you use can impact your util-

ity bills as much as, or more than, improving the efficiency of 

your water-heating equipment, often at a lower cost.

This chapter shows you ways to cut down on hot-water con-

sumption. It outlines basic procedures for maintaining standard 

water heaters for longevity and efficiency and describes some 

do-it-yourself projects to help improve efficiency. It also dis-

cusses how and when to replace or upgrade your water-heating 

equipment for the best efficiency possible. 444

hot water

3

2

1
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Hot-Water Conservation
One of the themes of this book is conservation 

without deprivation, or paying for what you 

need without paying for waste. Hot water is a 

good example of that concept: If the various 

jobs that use hot water can be done equally well 

with less water, you will save money. There are a 

number of ways you can reduce hot-water usage 

and consumption.

Low-flow showerheads
When I started working in energy efficiency in 

the early 1990s, low-flow showerheads had a bad 

reputation. If you’ve never had one of those little 

silver barrels in your house, you’ve probably used 

one in a hotel room: They produce wet air, cold 

feet, billowing shower curtains, and lots of steam, 

but nothing like a satisfying shower.

Since the 1990s, plumbing regulations for 

new construction have required showerheads 

with ratings of 2.5 gallons per minute (GPM) 

or less. Technology now exceeds the regulations, 

and today there are many great products that 

deliver between 1.3 GPM and 2 GPM, at retail 

prices from $6 to $60. Even if you already have 

a 2.5 GPM showerhead, consider upgrading 

to even lower flow along with a better shower. 

Shop around; if your existing showerhead dates 

Potential Annual Savings from Low-Flow Showerheads

0

10

20

30

40

50

60

70

$80

1 2 3 4 5

Starting flow rate

4 GPM
5 GPM
6 GPM

Number of people in household

W
at

er
 H

ea
tin

g 
$ 

Sa
vin

gs

showerhead savings

Because most Americans shower every day, reducing a showerhead’s flow can save a lot of 
water and money. Depending on the flow rate at which you start—in gallons per minute—and 
the number of people in the household, your yearly savings can be substantial. These numbers 
assume a water-heater recovery efficiency of 77 percent, daily 5-minute showers for each per-
son in the house, and a natural gas price of $1.20/therm. If you heat your water with electricity, 
the savings will be about double. Remember that you won’t just be saving fuel costs: For every 
$10 in water-heating savings, you will also save about 2,000 gallons of water per year.

If the flow rate of a 
shower is more than  
3 GPM, it is well worth 
replacing it with a  
new low-flow 1.5-GPM 
showerhead.

protip

Installing a low-flow 
showerhead can increase 
the back pressure in 
the water supply pipes. 
This can cause the pipes 
to spring a leak; more 
frequently, it can cause 
or increase leakage in 
a faulty diverter valve. 
I have measured water 
flows as high as 9 GPM 
from a tub faucet while 
the shower was running. 
Fixing a leaky diverter 
may be as easy as chang-
ing a washer, or it may 
involve replacing the 
entire mixing valve or 
tub faucet.

whatcan
gowrong

A low-flow showerhead 
doesn’t save hot water if 
the faucet keeps running. 
This diverter needs work.



 155H O T - W A T E R  C O N S E R V A T I O N

before 1993, almost any new one that you install 

will save hot water—and not at the expense of a 

good shower.

There are two tricks when upgrading your 

old showerhead: removing the old one without 

breaking the shower arm and installing the new 

one without marring it. Usually, you’ll be able to 

unscrew the old showerhead with an adjustable 

wrench and screw in the new unit by hand. Be 

sure to support the shower arm carefully when 

trying to loosen the old head; too much lever-

age may cause an old arm to break off inside the 

wall. Or worse, it could create a leak in the wall 

that may go unnoticed.

If the old showerhead doesn’t come off easily, 

it may be better to replace the entire arm. Use a 

pair of pliers to get a firm grip on the old arm 

and unthread it carefully from the fitting inside 

the wall. Before installing the new one, be sure 

to wrap a few turns of plumber’s thread-seal 

(FTFE) tape around the threads.

Wrap the end of a new 
shower arm with several 
turns of plumber’s tape 
before threading it in 
place. Don’t forget to put 
the trim ring on the new 
arm before wrapping the 
threads.

Trying to unscrew an old showerhead without 
breaking off the shower arm may be more 
trouble than it’s worth. If the shower arm is 
old, it is often easier to replace the entire 
assembly along with the showerhead.

I installed an evolve Ladybug 
adapter (at right in the photo above) 
on our shower at home. My six-year-
old loves to pull the cord before hop-
ping in. 

Cutting 
Waste While 
You Wait
One drawback of low-flow showerheads is 
the longer wait for hot water to arrive at the 
shower. The evolve™ showerhead (at left in 
the photo at right) offers a unique solution: a 
ShowerStart valve. When hot water reaches 
the showerhead, the valve cuts the flow to a 
trickle, reducing most of the waste that occurs 
when people get distracted while waiting 
for the shower to heat up. A quick pull of the 
cord restores full flow until your shower is fin-
ished, and the valve resets automatically for 
the next time. Evolve makes a wide range of 
showerheads; if you already have a low-flow 
showerhead you like, you can get the same 
ShowerStart valve in the Ladybug adapter 
(photo at right).
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fitted easily, but in most cases a new aerator 

in an existing faucet can further reduce hot-

water usage.

Besides the basic aerator shown below left, 

some units give you more control over water 

flow. If you are planning to replace a kitchen 

faucet, an integrated faucet/retractable sprayer 

unit can provide flexible spray patterns and low 

water flow in one attractive package.

Other appliances
There are two other home appliances that use a 

lot of hot water: clothes washers and dishwash-

ers. New Energy Star–rated washers save at least 

37 percent of the hot water and electricity used 

by conventional washing machines (see p. 203). 

Regardless of your washing machine type, you 

can easily save hot water by being conscious of 

your usage. Use warm wash/cold rinse or cold 

cycles when hot is unnecessary, and set the fill 

level appropriately to the size of load.

Dishwashers are a little more complicated. 

Older units generally depend on an incoming 

hot-water temperature of 130°F or higher 

to work properly. Most new models have 

Faucet aerators
Like showerheads, new kitchen and lavatory 

faucets have had maximum-flow ratings of 

2.2 GPM and 1.5 GPM (respectively) since the 

mid-1990s. Some vintage fixtures don’t have 

standard screw-in aerators and cannot be retro-

Measuring 
Flow
If you’re not sure what the flow rate 
of an existing showerhead is, you can 
measure it. Get a 1-gal. to 2-gal. bucket 
and make sure you know exactly how 
much it holds (1 gal. is 16 cups). Get 
a stopwatch or a clock with a second 
hand. Turn on the shower and start 
timing as you put the bucket into the 
stream of water. Stop timing when the 
bucket is full, and then calculate the 
flow rate in GPM. The flow equals the 
bucket capacity (in gallons) times 60 
(seconds per minute), divided by the 
number of seconds it took to fill the 
bucket. If the flow rate of a shower is 
more than 2.5 or 3 GPM, it is worth 
replacing your showerhead.

Some anti-scald shower 
valves are incompatible 
with very low-flow show-
erheads. If you install a 
shower head of 1.5 GPM 
or less, check with the 
manufacturer of your 
mixing valve, turn the 
tank temperature down, 
or install an anti-scald 
mixing device at the out-
let of the tank.

WHATCAN
GOWRONG

Replacing an old aerator with a 2.2-GPM (or 
less) aerator is a simple step that can save 
some money. The old aerator (left) did not 
reduce the flow of water at all.

Two models of this kitchen aerator reduce 
water flow to 2.2 (or 1.5) GPM. A small lever 
further slows water to a trickle, which is 
handy when washing dishes.

If your hot water 
heater is nearing the 
end of its useful life 
(about 5 to 10 years), start 
researching an energy-
efficient replacement 
now rather than after 
it fails.

PROTIP



 157M A I N T E N A N C E  A N D  E F F I C I E N C Y  U P G R A D E S

to be an emergency event, full of stress because 

the old water heater has suddenly failed. Proper 

maintenance can extend the life of a water 

heater, and some efficiency improvements can 

be made to existing tanks with minimal invest-

ment; but if you have a standard water heater 

made before 2005, it may make more sense to 

upgrade to a very high-efficiency unit and not 

try to make the old one last longer. If your pres-

ent water heater appears to be near the end of its 

useful life, now is the time to do research on the 

right type of replacement unit. Then you will be 

well prepared, whether you decide to wait until 

the old one goes or to replace the tank at your 

convenience.

Two types of tanks: Gas and 
electric
Stand-alone water heaters come in two basic 

types: gas and electric. Gas water heaters, fired 

with piped natural or LP gas, are the most 

common. Gas water heaters are usually smaller 

than electric water heaters, because their burn-

ers produce more heat than an electric heating 

element. A capacity of 40 to 50 gal. is typical for 

most houses.

Electric water heaters in single-family homes 

often hold 50 to 80 gal. Electric water heaters 

built-in booster heaters, which heat the wash 

water to at least 140°F right in the dishwasher. 

Not only do they use less hot water, but they 

also allow you to reduce the temperature set-

ting on your water heater. Most important, 

remember that modern dishwashers use less hot 

water, energy, and water than even very care-

ful hand dishwashing. So load up and use the 

dishwasher for everything that’s dishwasher-

safe. (For more information on dishwasher effi-

ciency, see p. 203).

Maintenance and 
Efficiency Upgrades

The vast majority of homes in the United States 

have stand-alone water heaters. These are inde-

pendent hot-water storage tanks with their own 

heat source, with the sole function of providing 

domestic hot water. A home that is heated by a 

boiler is likely to have a tankless coil or an 

indirect-fired storage tank (those systems are 

covered on pgs. 161 and 168–169.)

Standard gas water heaters are cheap and inef-

ficient. They are typically expected to last only

5 to 15 years, so most people do not invest much 

money in them. Replacing a water heater tends 

Water Sense
Since 2006, WaterSense® has labeled toilets, faucets, show-
erheads, and weather-based irrigation controllers to dem-
onstrate that they meet water-efficiency criteria that exceed 
national standards and perform well. WaterSense also labels 
certification programs for landscape-irrigation professionals 
who demonstrate proficiency in water-efficient irrigation sys-
tems. Efficient toilets and landscape irrigation won’t save hot 
water, but they can save a lot on your water bill, and ultimately 
save some energy too. See www.epa.gov/WaterSense.

Don’t trust the tempera-
ture markings on a water-
heater dial, if it even 
has them. To find out 
your water temperature, 
use a good-quality ther-
mometer that reads up 
to at least 150°F. Choose 
a time when no one has 
used hot water for at 
least an hour, then run 
full hot water from a tap 
until the temperature has 
stabilized. Then reduce 
the flow to the size of a 
pencil, and let the water 
run into a small glass 
with the thermometer in 
it. When the thermometer 
reading has stabilized, 
that’s your hot-water 
temperature.

INDETAIL

This inexpensive probe-
type digital thermometer 
is good for measuring 
hot-water temperature.
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don’t require a fuel supply in the house, so they 

are a common choice for homes where piped 

natural gas is unavailable and where a heat pump 

provides the space heating.

Temperature
and pressure
relief valve

Hot-water outlet

Tank

The sacrificial
anode rod
helps prevent
tank corrosion.

Gas supply 
enters at 
control.

Flue baffle

Sensing
element

Thermocouple
and pilot light

Main burner

Combustion
chamber

Flue

A typical gas water heater has a sheet-steel tank with a flue 
in the center for venting combustion gases.The burner is 
mounted at the base of the tank, which is crowned to 
distribute the heat.As hot water is drawn off the top of the 
tank, cold water enters from the bottom by way of a dip tube.
The cooler water is sensed by the thermostat, which then 
turns on the gas at the burner—provided the safety
thermocouple senses the presence of a pilot flame. Gas 
water heaters must be properly anchored in seismically 
active areas (not shown).

Thermostat

Drain cock

Crown

Discharge
pipe

Dip tube

Jacket

Insulation

Cold-water inlet

Draft hood

Drip pan

Components of a Gas Water Heater

COMPONENTS OF A CONVENTIONAL 
GAS WATER HEATER

Typically, gas water heaters don’t have 
degree markings, but the recommended target 
temperature of 120°F is usually between 
“Warm” and “Medium.” It may take some trial 
and error to find a setting that’s just right.

The draft hood is a critical component 
of a standard atmospheric water 
heater. It provides space for surround-
ing air to be drawn into the flue to 
help carry combustion gases out the 
chimney. If the draft hood is blocked, 
removed, or otherwise restricted, the 
result could be carbon monoxide 
poisoning, or even fire. To reduce fire 
risk, never store items on the floor, 
on top of, or leaning against a water 
heater.

S A F E T Y  F I R S T
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called standby loss. Standby losses depend on 

the location of the tank (how cold it is outside 

the tank), how well the tank is insulated, and 

where the tank is located (in a cold climate, most 

losses in the winter just contribute to heating 

the house). The better insulated the tank and 

Hot water stored below 
120°F may increase the 
risk of Legionella pneu-
mophili bacteria, which 
can cause pneumonia. 
But Legionella infections 
in single-family homes 
are quite rare compared 
to the risk of scalding, 
which increases rapidly 
at tank temperatures 
over 120°F. The U.S. 
Consumer Product Safety 
Commission recommends 
all home water heaters 
be set at 120°F, and even 
at that temperature third-
degree burns can occur 
with exposures of five 
minutes or more. Anti-
scald mixing valves can 
help keep children and 
elders, who are at higher 
risk for burns, safe.

whatcan
gowrong

Setting the temperature
The temperature of many hot-water heaters can 

be lowered without any noticeable reduction in 

the hot-water supply. Lowering the temperature 

of stored hot water saves energy by reducing 

conductive heat loss through the tank surfaces, 

Components of a Conventional electric Water Heater 

Temperature and pressure relief 
valve vents steam or water if the 
tank pressure becomes excessive.

Steel tank with (typical)
glass lining to slow corrosion

Hot-water outlet

The power supply should 
be wired through a 
metal conduit. Use 
flexible conduit in 
seismically active areas.

Element cover

The upper 
thermostat controls 
the top heating element.

The lower 
thermostat controls 
the bottom heating element.

Element cover

Drip pan

The overload cuts power 
if the tank overheats.

Drain valve Drain

There is a 6-in. gap 
between the end of the 
discharge pipe and the floor.

Bottom heating element

The sacrificial 
anode rod helps 
prevent tank corrosion.

The cold-water dip tube 
delivers incoming water 
to the bottom of the tank.

Insulation

Discharge pipe

Top heating element

Anode-rod access

Cold-water inlet

Components of an Electric Water Heater

An electric water heater makes hot 
water with a pair of heating elements. 
The bottom element does most of 
the work. The top one kicks in when 
the hot water in the tank becomes 
depleted. Note the dip tube, which 
delivers incoming water to the bottom 
of the tank. This ensures that the 
hottest water in the tank is always 
available to be drawn off the top. The 
controls are designed to ensure that 
only one heating element at a time 
can be energized, which prevents 
overloading the electric circuit.

An electric water heater makes hot water with a pair of heating elements. The bottom element does 
most of the work. The top one kicks in when the hot water in the tank becomes depleted. Note the dip 
tube, which delivers incoming water to the bottom of the tank. This ensures that the hottest water in 
the tank is always available to be drawn off the top. The controls are designed to ensure that only one 
heating element at a time can be energized, which prevents overloading the electric circuit.

protip
The temperature and 
pressure relief valve is 
a critical safety compo-
nent of any storage water 
heater, whether gas or 
electric.
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The more insulation the tank has, the less ben-

efit there is to adding the wrap. If the tank has 

11⁄2 in. or more of foam insulation, or the label 

states that the R-value is 10 or more, don’t 

bother. If the tank was manufactured since 1992, 

the benefit is small; if it dates from 2007 or later, 

don’t bother.

the greater your hot-water use, the less savings a 

temperature setback will provide.

Reducing the temperature setting by 10°F 

may save 2 percent to 5 percent of your water 

heating costs. The investment is $0, and it’s easy 

to readjust if you turn it down too much. In 

addition to energy savings, a lower tank temper-

ature reduces scaling and corrosion and increases 

the life of the tank.

The thermostat knob on a gas water heater is 

usually located at the front of the gas valve. Look 

carefully at the markings; on many gas water 

heaters, counterclockwise rotation increases the 

temperature setting.

Electric tanks have two thermostats—one for 

each element—located behind metal covers near 

the bottom and the top of the tank. Because 

there is exposed wiring inside, shut off the cir-

cuit breaker before unscrewing the covers. Set 

both elements to about the same temperature, 

or set the top element just slightly cooler so the 

bottom element activates first.

Insulation wraps
To reduce standby losses, cover your water 

heater with an insulation blanket. On a cheap, 

poorly insulated tank, an insulation wrap may 

reduce water heating cost by up to 5 percent. 

This tank is insulated with urethane foam. 
A tank with insulation rated R-10 or higher 
won’t benefit much from an insulation wrap.

A well-insulated water 
tank won’t benefit from 
extra insulation, but 
insulating a cheaply 
made tank can save up to 
5 percent on your water-
heating bills.

protip

It’s a myth that install-
ing a timer to shut off 
an electric water heater 
for periods of low usage 
saves energy. Water 
heaters heat hot water 
that is used, and to 
offset standby losses. 
A timer won’t reduce 
hot-water consumption 
(unless you shower at 
the gym because your 
water is cold, but that 
doesn’t really save 
energy). Standby losses 
are only reduced if the 
temperature of the water 
drops significantly dur-
ing the off period. If the 
tank is well insulated, 
the temperature won’t 
drop much, negating the 
effect. If the tank is poorly 
insulated, it is cheaper 
to add insulation than a 
timer. But it is worth
shutting off the breaker if 
you go away for a week 
or more.

trade
secret

The thermostat on 
an electric water 
heater can usually be 
changed with a small 
screwdriver. Setting 
the temperature 
requires some trial 
and error, because the 
thermostat markings 
are often inaccurate.

An insulation blanket can reduce by almost half 
the standby losses of a poorly insulated tank. 
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Insulating hot-water pipes
Hot-water pipes lose energy in two ways: 

through conductive losses in pipe walls while 

hot water is running and through thermosiphon 

effects (see the sidebar on p. 162). Both can be 

reduced by insulating hot-water pipes, and ther-

mosiphoning can be reduced or eliminated by 

adding heat traps to hot- and cold-water pipes.

The simplest heat trap consists of a “loop the 

loop” of pipe, which can be made with a flex-

ible connector attached to the heater’s hot- and 

cold-water connections. The trap stops ther-

mosiphoning with basic physics: Hot water will 

not flow down unless it is pushed through the 

pipe by water pressure. The loop should have a 

5-in. to 6-in. radius and be covered with pipe 

insulation. Alternatively, special heat-trap cou-

plings can be installed at the tank connections. 

Most new high-efficiency tanks have built-in 

heat traps. Of course, don’t attempt to modify 

or replace plumbing components yourself unless 

you know what you are doing.

Pipe insulation is readily available at most 

home centers and hardware stores and is easy 

to install. The biggest benefit from pipe insula-

When insulating a water heater, carefully 

follow the directions on the tank-wrap kit. For 

electric heaters, cut away the wrap over both 

heating-element covers to provide access; for gas 

heaters, wraps should not cover the gas valve or 

access panel. Also, don’t insulate the top of a gas 

water heater. And take heed if you see a sticker 

warning against a tank wrap; adding one may 

void that tank’s warranty.

Make sure you never install an insu-
lation wrap over a temperature and 
pressure relief valve. If the thermo-
stat malfunctioned the tank could 
overheat, and any interference with 
the temperature and pressure relief 
valve could literally cause an explo-
sion. If the discharge pipe is too 
close to the tank to fit the insulation 
under it, then cut out a section of the 
wrap with several inches of clear-
ance around the temperature and 
pressure relief valve (see the photo 
at right above).

S A F E T Y  F I R S T

At each access panel, cut an “I” shape with 
a utility knife. The top and bottom of the “I” 
should outline the top and bottom of the panel. 
Then fold under the sides to expose the cover.

Insulation wrap should always be tucked 
under the temperature and pressure dis-
charge pipe so it doesn’t interfere with relief-
valve operation. Or cut the wrap back at least 
3 in. from the valve, which may be on the top 
or side.

If your ceiling is too 
low to remove the old 
anode rod without break-
ing it, get a flexible-
linked rod that can be 
slipped in from the side.

PROTIP

A tankless coil is a heat 
exchanger mounted in 
a boiler; water running 
through it is heated on 
its way to a hot-water 
tap or shower. Tankless 
coils are an inexpensive 
add-on to a boiler (about 
$200) but very inefficient. 
A tankless coil depends 
on the boiler staying 
hot year-round, so it can 
heat water whenever it’s 
needed. The boiler stand-
by losses waste money 
all summer and unneces-
sarily heat the house.

INDETAIL

This tankless coil should 
be replaced with an indi-
rect storage tank when 
the boiler is replaced.
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tion occurs within the first 10 ft. of the tank. Be 

sure to use the right diameter of insulation; most 

homes have a mixture of 1⁄2-in. and 3⁄4-in. pipes, 

so it’s a good idea to measure how much of each 

you will need.

Maintenance
There are two basic maintenance operations 

that can increase a tank’s lifespan. One is to 

regularly flush out debris and scale, which can 

also improve the efficiency of your tank by 

improving heat transfer. Annually flushing water 

through the drain valve at the bottom can help 

wash away the crud. Don’t try to drain the tank; 

the force of the cold water pressure helps stir 

up the material. But you might want to shut off 

the heater overnight before doing this, to avoid 

wasting gallons of hot water.

How Water Pipes Lose Heat
Conductive heat loss through pipe 
walls robs energy from hot water, 
mostly when hot water flows through 
them. A thermosiphon is the constant 
circulation of hot water from the water 
heater into hot- and cold-water pipes 
when no water is being drawn. As the 
heat is emitted, the cooler water sinks 
back into the tank.

Heat loss from conduction and 
thermosiphoning can happen in both 
hot- and cold-water pipes. The effects 
occur for the many hours every day 
that no hot water is being drawn. 
Thermosiphoning stops when some-
one begins to draw hot water; so do 
the conductive losses on the cold side, 
because the pipe fills with incoming 
cold water. However, conductive losses 
on the hot side increase when the pipe 
you draw is filled with hot water on the 
way to its destination.

Thermosiphoning 
happens when water 
heated by the tank 
rises in the pipe 
(red arrows) 
and gives off heat, 
while cooler water 
sinks back into the tank.

Conductive heat loss (dotted arrows) 
occurs when the pipe walls are hot, 
either because hot water is flowing 
through them or because they are 
heated by a thermosiphon flow. A heat trap stops the 

thermosiphon effect by 
trapping the flow of hot water 
at the top of a pipe loop or 
with a small check valve.

Hot Water Heat Loss

The hot-water line exits 
this water heater from 
the side because it has

a built-in heat trap.
The loop is built into the 
tank, so hot water can’t

thermosiphon up
into the pipes. 
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Unfortunately, most drain valves that are 

installed at the factory don’t allow much sedi-

ment to pass through, so it’s better to replace it 

with a full-flow ball valve. Flushing is also more 

effective if the tank has a dip tube with a curve 

at the bottom that swirls incoming water around 

the base of the tank.

The other thing that can be done to extend 

the life of a water heater is to replace the anode 

rod periodically. The anode rod, typically made 

of magnesium formed around steel wire, is 

designed to corrode before the steel tank does. 

Once the magnesium material has decomposed 

or is covered with scale, the anode stops working 

and the tank will start to deteriorate.

Anode rods are designed to last for about 

5 years, depending, of course, on the water: 

typically just a little longer than the tank’s war-

ranty. You will probably need a heavy-duty socket 

wrench with a breaker bar to unthread the anode 

rod. Don’t try to remove it until you have a new 

replacement rod handy. And be very careful not 

to damage the tank or the water fittings when 

removing the rod. Replacement anode rods are 

available at plumbing supply houses for $20 to 

$40. Of course, you will need to shut off the 

tank and the incoming water supply, and partially 

empty the tank before replacing an anode rod.

The most common pipe insulation is made 
from polyethylene and is widely available at 
hardware stores and home centers.

Pipe insulation should be measured in place. 
You can miter the corners or use pre-cut fit-
tings like this one at pipe elbows and tees. 

Minerals from water (mostly calcium and mag-
nesium) are deposited on the tank’s walls and 
internal flue, flaking off over time and land-
ing on the bottom. This creates an insulating 
layer that slows heat transfer from the burner 
to the water, reducing efficiency.

At least once a year, 
flush out the sediment at 
the bottom of your water 
heater by opening the 
drain at the bottom. Don’t 
turn off the water supply 
to the tank or empty 
the tank—just open the 
valve and let it rip (you 
may want to wear heavy 
rubber gloves to protect 
against scalding).

A good upgrade when 
installing a new water 
heater is a ball valve 
installed with a pipe nipple 
in place of the standard 
drain fitting. It is much 
more effective at flushing 
out sediment.  
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Replacing Hot-Water 
Systems
When it is time to buy a new hot-water heater, 

it makes sense to install the most efficient 

replacement system possible. But choosing a 

water heater can be confusing; there are many 

different styles of high-efficiency units with 

competing claims of superiority. Which type will 

work best for you depends on the type of hot-

water and heating systems already in your house. 

If you have a furnace, then you will need some 

type of independent, stand-alone water heater. 

If you have a hot-water boiler, it usually makes 

sense to use it for water heating, especially if the 

boiler is a newer, efficient model. Stand-alone, 

standard LP-gas, or oil-fired water heaters are 

the most expensive to operate; if you have one 

Circulating Loops 
and Demand Controls
Hot-water circulating loops, common in 
hotels, are sometimes installed in larger 
homes to provide fast hot water in faraway 
bathrooms. Hot water is pumped in a loop 
from the storage tank, past all the fixtures, 
then back again. Circulating loops can save 
some water from going down the drain 
but can use a lot of energy. If your house 
already has a loop, insulate it carefully to 
reduce heat loss. A timer that turns on 
the circulating pump only during high-use 
hours can also help.

If you have to wait a long time for hot 
water, or if you have an existing recirculat-
ing hot-water loop, a D’Mand® pumping 
system (available through Metlund and 
Taco) consists of a small pump and a zone 
valve that operate on demand. A push-
button wireless remote or motion sensor 
starts the pump, which quickly pushes hot 

water into the supply pipes. A sensor shuts 
off the pump as soon as the water is warm 
enough. Demand pumping reduces water 
that goes down the drain while waiting for 
hot water. As a control for a continuous recir-
culation loop, it saves hot water and pump 
energy by pumping only when needed (see 
www.hvacquick.com/products/residential/
Instant-Hot-Water). Parts alone range from 
$200 to over $500, so installation may take a 
few years to pay back, but the added conve-
nience begins on day one.

This system 
quickly brings 

hot water to all 
plumbing fixtures 

on the hot-water 
supply line with-
out sending any 
down the drain. 

The old anode rod (right) has sacrificed its life 
to save the tank. Replacing the rod with a new 
one every few years will increase the life of 
the tank. 

The energy factor, or 
EF rating, is based on a 
standardized test that 
takes into account burner 
efficiency, pilot usage, 
and standby losses for 
“typical” hot-water 
usage. EF ratings for gas, 
oil, and electric water 
heaters can be found at 
www.ahridirectory.org 
under “residential water 
heaters.” The directory 
also shows first-hour 
ratings and the burner 
efficiency, which is called 
“recovery efficiency.”

INDETAIL
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Tank-type water heaters
Most standard gas water heaters have EF ratings 

in the high 50s—that means over 40 percent of 

the energy is wasted. Until recently, the highest-

efficiency tank-type units you could buy were 

in the low 60s; most had efficient burners, elec-

tronic pilots, and high insulation levels. There is 

a new generation of high-efficiency tank-type 

water heaters emerging that have higher energy 

factors. For example, the Kenmore® Elite uses a 

special air intake and other features to achieve an 

EF of 0.7. Both the Kenmore and the Rheem® 

Fury (0.67 EF) use electronic vent dampers. 

Although not the highest efficiency available, 

these products provide a sizable performance 

boost at a modest price increase over a standard 

gas water heater.

The most efficient units on the market are 

condensing gas water heaters; they typically have 

EF ratings of 0.90 or higher. The best ones have 

stainless-steel tanks and high firing rates—typi-

cally around 90,000 to 120,000 Btu per hour, 

two to three times that of a typical tank.

of these, or if you heat your house with electric 

resistance or a heat pump, you might benefit 

from either a super-high-efficiency condensing 

water heater, a heat pump water heater (HPWH; 

see p. 166), or a solar water-heating system (see 

pp. 217-220).

Water-heater efficiency
There are three basic types of replacement 

water heaters that work on their own (without 

a boiler): storage tanks, on-demand units (some-

times called tankless water heaters), and heat 

pump water heaters. Any of these types except 

the heat pump are available in either gas or elec-

tric models. Most have high-efficiency versions, 

and all have pros and cons. Every new water 

heater has an efficiency rating (called an energy 

factor, or EF) listed with AHRI. Today’s water 

heaters have EFs that range from about 0.50 to 

0.97 (except for heat pumps); try to get a water 

heater with the highest EF rating for the type of 

application you need.

An electric on-demand 
water heater rarely 
makes sense for an entire 
house, because electri- 
city is expensive. 
However, for a single 
bathroom or kitchen sink 
that’s far from the near-
est water heater, a small 
tankless electric unit can 
be inexpensive to install. 
In that application, long 
waits while running hot 
water (and the waste 
associated with it) can be 
virtually eliminated.

trade
secret

All new water heat-
ers are required 
to have an Energy 
Guide label, which 
compares the energy 
use of this model 
to that of similar 
models. Buyers 
beware: “Energy 
Saver” is a common 
name found on water 
heaters, but it can be 
almost meaningless. 
I’ve seen that name 
on units that were 
near the bottom of 
the efficiency scale 
Few water heaters 
have their EF rating 
listed on the tank, but 
you can look it up in 
the AHRI directory 
online.

Although solar water-
heating systems are 
expensive, they are  
cost-effective in many 
areas, particularly when  
compared to electric-
resistance water heating.

protip
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waste far more energy by keeping the boiler hot 

all year; see p. 161.)

On-demand water heaters have higher EF 

ratings than conventional water heaters. Gas on-

demand water heaters fall into two groups: those 

with standard gas burners and EF ratings in the 

low 80s, and those with condensing burners and 

EFs in the 90s. Savings will be lower than the EF 

ratings (and marketing literature) indicate, about 

$80 to $100 per year (assuming national average 

of $1.20/therm). The modest savings make it 

hard to recoup your investment in a reasonable 

time: Tankless water heaters cost between $800 

and $1,500. Installation cost is also likely to be 

high; larger gas lines are typically needed, and in 

many cases new electrical service.

Because of their high cost—roughly $1,500 

to $2,500—condensing water heaters may be 

more appropriate for supplying whole-house 

heating as well as hot water. Their high heat 

output makes them well suited for supplying a 

hydro-air system (see the sidebar on p. 135). A 

hydro-air handler used in conjunction with a 

condensing gas water heater is probably one of 

the most efficient replacements for an old, inef-

ficient gas furnace and a standard electric or gas 

water-heating tank, especially if you have piped 

natural gas and live in a cold or mixed climate. 

(See the photos on pgs. 168, right, and 193).

Standard electric tank-type water heaters 

appear to be more efficient than gas units, with 

EFs ranging from about 0.86 to 0.95. But the EF 

rating doesn’t tell the whole story. Electric tanks 

are more efficient “at the meter” because there 

are no burner or chimney losses. But electric-

ity is more expensive than natural gas per unit 

of energy, and electricity results in more fuel 

burned at the power plant and more emissions. 

Electric water heaters are typically installed in 

homes with no natural gas connection—those 

with electricity, LP gas, or fuel oil used for  

space heating. If you have an electric water 

heater and no natural gas available, you might 

want to consider a heat pump water heater (see 

pp. 170–171).

On-demand water heaters
At the other end of the spectrum is the on-

demand water heater, also called instantaneous 

or tankless. The premise of an on-demand water 

heater is to save energy by eliminating the stor-

age tank and its associated standby losses, using 

a large gas burner to heat water only when 

you need it. (Don’t confuse this with a tankless 

water-heating coil that’s run from a boiler; these 

Whenever you use hot 
water, all the heat in the 
water that runs down the 
drain is wasted. A drain-
water heat-recovery 
system can recover some 
of that heat: up to about 
30 percent. A drain-water 
heat-recovery system 
needs enough vertical 
space to pipe it properly, 
which makes these sys-
tems difficult to retrofit. 
For an existing house,  
I’d look to conservation 
measures and more 
efficient water-heating 
equipment first.

INDETAIL

This “hybrid” heat 
pump water heater 
produces hot water 

at a savings of 
about 50 percent 

when compared to 
conventional elec-
tric water heaters. 
Alternately, some 

units are designed 
as an add-on retrofit 

to an existing tank.
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How Much Hot Water Do You Need?
No one likes to run out of hot water. Water-heater capac-
ity is more than the number of stored gallons; when you 
replace a water heater, first evaluate what you’ll need. A 
water heater must provide enough hot water for the house-
hold, and the standard measurement of water heating 
capacity is called first-hour rating, which can be found in 
the AHRI directory. To determine the first-hour rating you’ll 
need, use the chart below to estimate your family’s peak-
hour demand. Then look for a water heater with a first-hour 
rating that is at least that large.

As you draw hot water, the unit starts heating the incom-
ing water, providing additional volume beyond the tank’s 
storage. Therefore, the ability of a water heater to supply 

hot water is a tradeoff between the storage volume and 
the firepower. Smaller tanks can be balanced by higher Btu 
firing rates or vice versa. Electric tanks, for example, have 
relatively low heat input, so their storage volumes tend to 
be larger.

A jetted bathtub needs to be filled quickly, so it throws 
off the rules a bit. Generally, a large tub needs at least
80 percent of its capacity in storage; for example, a 60-gal. 
tub requires a 48-gal. tank. Water temperature also affects 
the balance; a higher stored temperature provides longer 
showers and fills bigger bathtubs, less cold water will be 
mixed in. But higher temperatures also waste energy by 
increasing standby losses.

Gallons of Hot Water Used (Approx.)
To calculate your peak-hour hot-water use, fi ll in the number of times someone in your home is likely to engage in each activity 
during the hour of maximum hot-water use (only fi ll in uses that will happen in the same hour). Multiply that by the number of 
gallons shown in the appropriate column to obtain the subtotal of hot-water consumption for each use; add those together to 
obtain the total. Look for the highest-effi ciency model you can fi nd with a fi rst-hour rating at least as large as your total.

It’s clear from the table that installing high-effi ciency fi xtures and appliances matters, so try to make these changes before 
you size your new water heater. For example, two showers, a hot-water laundry, and a dishwasher run in the same hour could 
use 87 gallons of hot water. Modestly effi cient units (basically all new ones) will reduce that to 66 gal., and highly effi cient units 
can drop the total draw down to only 28 gal.

Use

Shower

Sources: By permission from Chapter 49, Table 4, ASHRAE 2007 Handbook—HVAC Applications (www.ashrae.org); American Society of Heating, 
Refrigerating and Air-Conditioning Engineers, Inc.

Gallons Used 
during Peak 
Hour

Times Used 
during Peak 
Hour (Fill In)

Bath

Hand/face wash

Dishwasher

Hand dishwashing

Clothes washer

20

Standard 
Fixtures/
Appliances

20

4

15

4

32

5Food prep

Low-Flow 
Fixtures/
Effi cient 
Appliances

15

20

2

15

4

21

3

Very Low-
Flow Fixtures/
Effi cient 
Appliances

10 to 15

20

1

3 to 10

3

5 to 15

3
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age. Some tankless units have small storage tanks 

built in to reduce these troubles, or an external 

tank can be added. Finally, on-demand water 

heaters are sensitive to minerals—if you have 

hard water, the annual service that’s needed will 

cut into the savings. I don’t generally recom-

mend on-demand units for most existing-tank 

replacements, but these heaters can make sense 

in a major renovation.

Electric tankless heaters are also available, but 

they are not typically suitable for whole-house 

service (see the sidebar on p. 165).

Other advantages of on-demand water heat-

ers are their small size and their ability to pro-

vide hot water continuously, but there are some 

drawbacks as well. The burner starts when a 

hot-water tap is opened, by sensing the drop 

in pressure, so some cold water always flows 

into the heat exchanger at first. If you use hot 

water intermittently, or take a shower right after 

another family member, you may end up with 

surprise “slug” of cold water each time. The total 

flow of hot water in GPM is also limited by 

the burner capacity, so sizing these units is less 

forgiving than water heaters with some stor-

Often referred to by their generic 
brand names, such as BoilerMate® or 
SuperStor®, indirect-fired water heat-
ers can generate plenty of hot water 
and offer high efficiency and long ser-
vice life.

If you understand 
sweating copper pipe 
joints, you may be com-
fortable connecting the 
water lines of a new tank. 
Only a qualified contrac-
tor, however, should do 
gas-line hookups. Check 
with your local plumbing 
inspector’s office to see 
what restrictions there 
may be and which per-
mits are required for any 
water-heater insulation. 
If you’re going to install 
a water heater with a 
venting system that dif-
fers from the previous 
unit, be sure to follow the 
manufacturer’s instruc-
tions and local codes for 
installation details.

according
to code

This high-efficiency gas water heater 
has a stainsless-steel tank and an 
efficiency of 96 percent. It features a 
sealed-combustion burner.
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tanks have AHRI efficiency ratings, but they 

don’t have EF ratings like other water heaters. 

This is because any boiler can provide the heat 

source with a wide range of efficiencies. Indirect 

tanks are rated for “standby loss” in a range from 

0.4 to over 1.0; try to aim for 0.8 or less. Smaller 

tanks tend to have higher losses per hour, but 

they are cheaper and take up less space. Look for 

the lowest standby loss available with a first-hour 

rating that suits your needs.

Indirect-fired tank (with boiler)
If you heat your house with a hot-water boiler, 

an indirect-fired water heater can generate hot 

water more efficiently than a tankless coil or 

most stand-alone units. The storage tank con-

tains a thermostat that requests heat from the 

boiler, just like a separate heating zone. To get 

the best efficiency from an indirect storage 

tank, the boiler has to have the right controls: 

It needs to be set up for “cold start” and should 

also include a purge cycle (see pp. 129–130). 

Generally the control should also include a 

30-minute hot-water priority. This ensures that 

you always have hot water, even on a cold morn-

ing when the boiler is needed for space heating.

Many indirect-fired tanks have a built-in heat 

exchanger. Boiler water is pumped through the 

heat exchanger, heating water in the tank with-

out mixing boiler water with the potable water 

supply. Alternatively, almost any type of insulated 

storage tank can be combined with an external 

heat exchanger to produce hot water from a 

boiler.

An external heat exchanger requires two cir-

culating pumps, adding a small electrical load. But 

when the unit is properly sized, the heat transfer 

is very efficient. All piping between the boiler and 

the storage tank must be thoroughly insulated to 

minimize heat loss, including any external heat 

exchanger (don’t insulate pump bodies). Indirect 

If you’re replacing a 
water heater, consider 
your annual fuel costs as 
well as the initial instal-
lation cost.

protip

This external plate-frame heat 
exchanger can be used to heat 

domestic hot water from a boiler 
or to create hydronic heat from 

a standard water heater, without 
mixing the two water supplies.
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installation cost and efficiency; fuel costs can be 

a major factor as well. In some areas, an LP-gas 

heater at 60-percent efficiency is more expensive 

to operate than a conventional electric water 

heater at 90-percent or more efficiency. Finally, 

tax credits or utility rebates may reduce the up-

front cost for high-efficiency units, making an 

upgrade more cost-effective.

Heat pump water heaters
The heat pump water heater is based on a great 

concept: Use electricity to extract heat from the 

air and deliver it to the hot water at a higher 

temperature. The heat extracted from the air is 

free, and theoretically the net efficiency could be 

300 percent or more. Early models had trouble 

with reliability, service, and price, but a new 

generation of HPWHs has emerged that seems 

to offer better efficiency and reliability at a price 

range of about $1,300 to $2,000.

Choosing a contractor versus 
doing it yourself

Replacing a water heater is a big project. Skilled 

do-it-yourself types can replace a conventional 

gas or electric stand-alone tank with a new unit 

of the same type (but with a higher efficiency), 

but you should always get a licensed professional 

to connect gas or other fuel pipes. If you want 

to change the equipment to a completely new 

type, or if the water heating is integrated with 

the space-heating system, it’s a good idea to hire 

a professional.

When choosing a contractor, consider factors 

such as energy savings, quality, warranty service, 

and customer references, as well as price. Bids 

should include details on the equipment, instal-

lation specs, labor, and associated costs. Always 

choose a contractor who is familiar with the 

equipment and has a track record installing it, 

particularly if you want to install something 

out of the ordinary. And don’t just think about 

Comparing Water Heater Costs
Using national average 
prices for fuels (2010), 
it’s clear that a mid-high-
efficiency gas-water 
heater is cheapest to 
operate, but only if it’s 
natural gas. These results 
will vary with fuel prices, 
heater efficiency, and hot-
water use. An electric heat 
pump with an EF of 2.3 (in 
a mild climate) might cost 
only $150 per year. On the 
other hand, upgrading the 
LP gas unit to a 0.84 EF 
on-demand unit will save 
less than $80 per year.

Installation and Operating Costs

Fuel

Electric

EF 
Rating

Estimated 
Installed 
Cost

90% $500

Natural Gas 
(mid-high 
effi ciency)

LP Gas

Fuel 
Price 
(Rate)

Annual Water 
Heating Cost 
for a Family 
of Four

$0.12/kWh $356

68% $950 $1.10/therm $148

68% $950 $2.80/gal $413
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HPWHs have EFs in the range of 2.0 to  

2.5, which means that more than half the  

heat comes from the environment around the 

heater (see the description of heat pump  

efficiency on p. 121). There are a number of  

factors that affect the real installed efficiency. 

First, controls in most units allow for resistance 

heat to turn on when demand is high or sur-

rounding air temperatures are low; this can 

really cut into the overall efficiency, depend-

ing on how the control is set and how you use 

hot water. The most efficient units have smaller 

electric backup heaters (less than 2,500 watts) 

and run the heat pump even while the resistance 

heat is on. Larger tanks also tend to run more 

efficiently than small tanks. 

Also, the heat comes from the air around the 

tank. If you live in a cold climate, that heat may 

not be free: If the tank is in a conditioned space, 

you’ve already paid to heat it up. If it’s in an 

Another promising idea 
is a combined space- 
and water-heating heat 
pump such as the Daiken 
Altherma® (http://www.
daikinac.com). This 
system provides high-
efficiency heating and 
cooling with wall cas-
settes (like the mini-split 
on p. 124) or hot water 
for hydronic distribution, 
and on-demand domes-
tic hot water, at a high 
efficiency in any climate. 
Although expensive, a 
system like this should 
provide robust whole-
house savings and envi-
ronmental benefits, espe-
cially in areas with no 
natural-gas availability.

INDETAIL

unconditioned basement, the air may get cold 

and efficiency will suffer. At the same time, air 

that is exhausted from the heat pump is cool 

and dry, so running an HPWH in a basement 

may reduce dehumidification needs. Some units 

allow for a duct to divert the chilled air output 

outdoors in cold weather. Of course, in a warm 

climate a HPWH will help cool your house, 

saving even more on your electric bills.

The bottom line is this: If you are looking 

to replace an existing electric or LP-gas water 

heater and you don’t have access to natural 

gas, consider getting a HPWH if you live in a 

mixed or hot climate. Average savings should 

be around $300 per year, so payback on the 

$1,000 to $1,500 increased cost is fairly reason-

able. Savings may be higher where electric rates 

are higher than average, even in colder climates. 

Savings will tend to be largest when hot-water 

use is high.
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Mechanical 
Systems (Heat, Air-
Conditioning, Hot 
Water,Ventilation) 
p. 192

Moisture Control
p. 189

Built-Up Walls 
and Roofs for 
High R-Values
p. 184

Insulation
p. 179

Air-Sealing
p. 177

Consider the Big 
Picture
p. 174

The best time to invest in an energy-efficient 

upgrade is when you are already planning to buy 

a product or make improvements to your home. 

Because you are making a substantial investment during a 

renovation project, you have a rare opportunity to significantly 

improve the energy efficiency of your entire house. On the other 

hand, if the opportunity is missed, renovations carry the poten-

tial for energy, comfort, and air-quality disasters.

A renovation can mean a simple change in wall or roof clad-

ding, or it can mean a total gut/rehabilitation project. It can 

involve one room, or it can involve an entire home. Additions to 

houses provide their own unique set of opportunities and poten-

tial pitfalls. Whatever the scope of the project, thoughtful plan-

ning and attention to detail will help you achieve the highest 

level of energy efficiency for your house at a reasonable cost. 

444

renovations

6

5

4

3

2

1
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Consider the Big Picture
Before starting out on energy-improvement 

projects, take some time to think about what 

you have in mind for the house over time. Now 

is the time to look for lower-cost opportunities 

for bigger energy upgrades, by combining them 

with work you’re already paying for. Second, 

consider the long-term economic and environ-

mental impact of your choices. Fuel prices may 

rise rapidly, your kitchen remodel may look 

dated in a couple of decades, but the choices you 

make about energy performance of walls, roofs, 

or window frames may last 40 to 100 years. 

Think of it as “future-proofing” your house; 

you’ll save energy while you’re there, and it will 

be more attractive to future buyers as energy 

prices increase.

Deep energy retrofits
Increasing awareness of carbon emissions and 

climate change has spurred a growing movement 

among homeowners, designers, and builders to 

pursue low-energy homes in new construction 

and renovations. Many of the techniques needed 

for very low-energy homes were pioneered in 

the 1970s; back then they were called “superin-

Financing 
Energy Projects
Some states and municipalities are 
adopting a new system for financ-
ing energy projects, called Property 
Assessed Clean Energy, or PACE. 
PACE connects private investment 
with building owners to pay for energy 
improvements, and repayments are 
added to that property’s tax bills until 
the investor is paid back. Neither a 
government subsidy nor a tax, PACE 
ensures that repayment of the loan is 
spread out among current and future 
owners, who all benefit from the work.

Install rigid foam over a “drain-
ing” textured housewrap for supe-
rior moisture control. The author 
extends the window and door 
sill flashings to the outside of the 
foam, yet water can still drain 
behind the foam. A hefty layer of 
foam (at least 11⁄2 in., preferably 
3 in to 4 in.) limits condensation 
in all seasons and provides a con-
tinuous thermal break; the furred 
space helps the whole wall dry. 
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sulation.” Fortunately, we have learned a lot since 

the 1970s: We better understand how to manage 

moisture, durability, and air quality. We also have 

far more efficient and reliable equipment, light-

ing, and appliances, so energy-savings targets 

between 50 percent and 90 percent (compared 

with standard homes) are quite achievable. 

Falling prices for renewable energy have made 

even net-zero energy homes a reality for many. 

With or without renewables, such an approach 

is typically called a “deep energy retrofit,” or 

simply a “deep retrofit,” when applied to an 

existing home renovation.

Turning an existing house into a very low-

energy home is a challenge: It is expensive, it 

takes planning and attention to details, and the 

options may be limited by the existing struc-

ture. The possibilities are also affected by your 

approach. If you’re planning a gut renovation, 

there will be many more options, at a smaller 

incremental cost. If you plan for a siding replace-

ment, an exterior retrofit such as rigid insulation 

or a Larsen truss is a viable option; if you are 

going to gut and refinish one room at a time, a 

different approach is necessary. Be thoughtful 

about your plan: Try not to do work in the early 

stages that will increase the cost or difficulty of 

achieving your long-term efficiency goals. You 

may choose not to focus first on the items with 

the shortest payback. Upgrading walls and win-

dows may be the most expensive items on the 

list, but once completed the entire house can be 

easily heated and cooled with a relatively inex-

pensive, very efficient ductless heat pump.

Also consider that the value of doing a 

deep retrofit can far exceed the energy ben-

efits. Finding and fixing a source of air leakage 

and heat loss in a complex cathedral ceiling 

area can solve ice-dam problems and eliminate 

costly moisture damage. Spraying a foundation 

with closed-cell foam can reduce water intru-

sion, make the basement more comfortable, and 

reduce the need for costly dehumidification. 

Remember that choices about the energy effi-

ciency of a building’s structure (walls, roof, and 

foundation) tend to last the longest, and will 

have a bigger impact over the life of the home, 

than will choices of mechanical equipment, 

appliances, or even windows.

Retrofit options My preference for a deep 

retrofit is to insulate and air-seal (with rigid 

or sprayed foam) on the exterior of a home 

whenever possible. Exterior treatments typically 

provide the best continuity, air tightness, and 

moisture management, and offer the ability to 

increase R-values almost without limitation, 

while avoiding thermal bridges or intrusion into 

the interior living area. There are cases when an 

exterior treatment won’t make sense: if you are 

gutting one room at a time; if the siding and trim 

are in great shape; if the geometry is complex, 

with many roofs/overhangs/step-backs; or if 

zoning setback restrictions prohibit adding any 

exterior thickness to the walls. Regardless of the 

techniques you choose or the level of efficiency 

you settle on, keep these things in mind:

1. Do some analysis. If you can, get some 

energy modeling to help assess the value of 

design choices.

2. Invest more in the components that will 

likely be around for 40 to 100 years: founda-

tion, walls, and attic/roof assembly. Also,  

look for windows with low-conductivity 

frames (insulated fiberglass or composite extru-

sions) and removable glazing stops that allow 

easy glass replacement, for easy upgrades in 

future years.
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5. Reduce before renewables. Even with tax 

credits or other incentives, renewable energy 

systems are expensive. It almost always makes 

more sense to reduce the energy needs first, 

before you add solar electric or solar thermal 

equipment.

3. Try to minimize the need for rework: At each 

step, do the job right the first time, even if it takes a 

bit longer to see the whole project to completion.

4. Savings follow waste. If you address the big-

gest users early on, the savings in energy can actu-

ally help you pay for additional work.

Certification Programs 
and Performance Targets
When planning a major remodel, it can 
be confusing to decide just how far 
to go. Fortunately, there are a number 
of resources available to help you 
decide. Most are voluntary certification 
programs that offer additional advan-
tages, such as the use of qualified 
consultants to provide analysis and 
on-site inspections. Whether or not 
you pursue certification, any of these 
programs can provide a framework for 
evaluating a design and guidance on 
how to achieve results.

CERTIFICATION PROGRAMS

• Energy Star (www.energystar.gov/
newhomes): The Energy Star label 
applies to homes too; the energy 
target is 15 percent better than cur-
rent building codes. Focused primarily 
on new construction, it is also suited 
for a gut rehab.

• Thousand Home Challenge (THC; 
www.thousandhomechallenge.com) 
is challenging, but achievable. Geared 
toward deep retrofits, there are two 
options to comply: a 75-percent 
reduction of energy use, or meeting 
an energy budget that’s based on 
climate, house size, and heating fuel. 
THC is based on real-world energy 
use, rather than computer-modeled 

projections, so it recognizes both life-
style changes and “built-in” efficiency.

• Passive House: Passive House 
Institute U.S. (PHIUS; www.passive-
house.us) sets extremely stringent 
targets for heating, cooling, and total 
energy use, as well as air tightness 
and ventilation. It is impractical to 
reach Passive House performance in 
an existing home with anything short 
of a gut rehab.

• Green Building: Green building 
programs include a wide range of 
environmental attributes along with 
energy. The most notable certifica-
tions include the Leadership in Energy 
and Environmental Design (LEED) for 
Homes (www.usgbc.org/homes) and 
the National Green Building Standard 
(NGBS; www.nahbgreen.org/NGBS). 
Both systems include independent 
inspections, and have several tiers 
of achievement with increasing strin-
gency. Certification under the NGBS 
is available for “green remodel” proj-
ects, but LEED for Homes certification 
is only available for a complete gut 
renovation or new construction.

OTHER TARGETS

• “Zero-energy” or “net-zero” energy 
homes: There is no single standard 
to define what this means, but gener-

ally zero-energy homes all depend on 
some amount of on-site renewable 
energy generation to offset energy 
used on site. They vary in the way they 
account for grid-supplied electricity, 
site-generated electricity, and other 
fuels used, but they all try to plan for 
a net zero energy use or net-zero 
cost. Zero-energy building codes have 
been proposed as a long-term (circa 
2050) goal by many efficiency experts 
and U.S. policymakers.

• Rule of Thumb: For a basic guideline 
on low-energy renovations, aim for the 
R-values in the chart on p. 179. Use 
a ductless split heat pump, or keep 
all ducts inside conditioned space. In 
cold climates, focus on very air-tight 
construction with mechanical ventila-
tion, and use a condensing gas water 
heater or boiler. In the south, it’s criti-
cal to control solar heat gain using 
low-SHGC glazing and shading win-
dows; in humid climates low air leak-
age and dehumidification are also key.

Whatever strategy you choose, do 
the best you can with the available 
resources. Try to invest the most in 
the components that will be around 
the longest.
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Before you insulate a house, walk around with 

a foam gun and seal all wiring and plumbing pen-

etrations between wall cavities and unconditioned 

spaces (attic, basement, or crawlspace). Also, seal 

around window and door jambs, being careful not 

to spray too much foam in large gaps. Pay atten-

tion to any areas that need draftstop blocking, and 

fill them with blocks of wood or foam board that 

are caulked in place. You can use the same tech-

niques outlined in “Sealing Air Leaks,” except that 

it will be a lot easier to reach everything before 

the insulation and drywall are installed.

Creating a super air-seal
In all climates, I recommend thoroughly seal-

ing the exterior sheathing at the sill plate and 

at all sheathing connections. This can be done 

using a combination of canned foam, caulk-

ing, and high-quality tape, with a continuous 

layer of interior sprayed foam (flash and batt), or 

using a professionally sprayed sealant system like 

Air-Sealing
After the demolition and framing dust settles in 

any renovation project, the temptation is to get 

the space insulated quickly so that the finishing 

work can begin. But it’s important to take a little 

time to seal air leaks properly. This will be your 

best—and only—opportunity to find and seal 

cracks and holes in the enclosure. It doesn’t take 

much time or money—just awareness and atten-

tion to details.

Look for leaks
The most important place to seal leaks is 

between insulated surfaces and the outdoors, or 

unconditioned buffer spaces. The most com-

monly missed leaks are joist bays and wall-stud 

cavities that need draftstopping where they run 

from interior floors and walls into attics, crawl-

spaces, or other unconditioned areas (see “Sealing 

Air Leaks”). And don’t forget to seal any leaks 

between an addition and the rest of the building.

If you live in a hot 
climate, don’t put a  
vapor barrier—whether 
polyethylene or vinyl 
wallpaper—on the inte-
rior surfaces of your  
exterior walls.

protip

In any building ­
project, it’s important  
to keep in mind the  
continuity of the thermal 
boundary. Your insulation 
and air barrier should be 
aligned and should sur-
round the entire house 
without interruption. It’s 
much easier to visual-
ize this before you put 
up any drywall. In fact, 
while you are contem-
plating exactly where 
the insulation should go, 
think about how thorough 
the air barrier is. There 
should always be a solid 
air barrier in line with 
every insulated surface.

INDETAIL

Flash and batt:
Sealing individual air leaks with 
one-part foam is inexpensive but 
labor intensive. Instead, you can get 
“flash and batt”: A layer of closed-
cell spray foam seals air leaks and 
controls water vapor, and the rest 
of the cavity is filled with standard 
batts. To avoid condensation in walls, 
use at least 1 in. of foam in climate 
zones 4–5, 11⁄2 in. in climate zone 
6, and 2 in. in zones 7–8. For roofs, 
follow the table on p. 75. See also­
“In Detail,” p. 187. 
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The ceiling plane is tricky to make airtight 

for a few reasons. There are many penetrations, 

framed openings for architectural features that 

interrupt the ceiling plane, and light fixtures 

(“Sealing Air Leaks” outlines these areas). Even 

the top plates of walls leak, when the wood 

shrinks away from the drywall and leaves a gap. 

One approach to consider, especially if there 

is mechanical equipment and ductwork in the 

attic, is to create a “cathedralized” attic, eliminat-

ing the need to seal and insulate the attic floor 

or ducts (see p. 78). Alternately, you can seal 

plumbing and wiring penetrations with canned 

foam, install blocking across larger openings, and 

seal the top plate to drywall connections. These 

gaps are much easier to seal before installing 

drywall, but getting the drywall-to-top-plate 

connection is tricky. You can use a thick, contin-

uous bead of drywall adhesive or acoustic seal-

ant applied to the top plate before hanging the 

drywall to the wall studs (after the ceiling is in 

place). EPDM gaskets made for this purpose are 

more reliable and more expensive. If it’s easy to 

get into the attic above after drywall and before 

insulation, it’s fast and easy to use a two-part 

spray-foam kit.

Note that it is not important to seal parti-

tion-to-ceiling connections between a first and 

second floor; here, you want to focus on sealing 

the band joist at the exterior walls. Another area 

to watch out for is any change in ceiling height, 

from one room to another, in an insulated ceil-

ing. Those transitions usually need blocking (see 

pgs. 33 and 36), which is much easier to install 

when the walls are open. Also, if you are install-

ing recessed lights in any insulated ceiling areas, 

be sure to use airtight light fixtures (see the top 

right photo on p. 38).

Owens Corning EnergyComplete™ or Knauf ® 

EcoSeal™. Don’t try to use polyethylene as an air 

barrier, especially in hot or mixed climates.

Years ago, many energy-efficiency guides 

promoted the use of carefully sealed and taped 

polyethylene as both an air barrier and interior 

vapor retarder. It’s risky to design structures in 

cold climates that rely on poly as both air and 

vapor control. Combining water-vapor control 

with insulating materials reduces risk. It’s best 

to use a layer of exterior insulating sheathing or 

cavity-sprayed urethane foam to control vapor 

movement; either approach typically provides for  

tighter construction and higher R-values and 

better condensation control.

Although any blocking 
or draftstops installed 
between a heated space 
and an attic area will 
help slow the spread of 
fire, some codes require 
that blocking be made 
of specific materials to 
qualify as firestopping. 
Spraying foam around 
wiring holes may also 
be forbidden; check 
with your local building 
inspector before you start 
sealing holes.

according
to code

As top plates (and end studs of partition walls) 
dry and shrink, the gap between the wood ­
and the drywall will end up being anywhere 
from 1⁄32 in. to 3⁄16 in. along both sides of the 
framing.

A specialized spray-on 
caulking such as 
EnergyComplete from 
Owens Corning can be 
used to effectively seal­
all the surfaces of the 
thermal boundary in 
preparation for insulat-
ing. Unlike “flash and 
batt,” these systems only 
seal leaks and don’t pro-
vide the R-value or vapor 
control of a layer of 
closed-cell foam.
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and installing insulation at this point will pay big 

energy and comfort dividends for years to come.

Fiberglass batt insulation
Because fiberglass batts are vulnerable to instal-

lation defects, it’s very important that they be 

installed very carefully. Batts should be fluffed 

up to their full rated thickness and tucked into 

cavities with no compression or rounding of 

corners. They must fill cavities completely, with-

out gaps or spaces, so they need to be carefully 

cut and trimmed to the proper size and shape. 

They also should be cut around obstructions and 

split over any wiring or plumbing pipes that run 

through cavities.

If you have an unsheathed wall that opens 

into an attic space (such as a kneewall), it’s also 

important to enclose the insulation on all sides. 

When a wall cavity is left open on one side, cold 

(or hot) air can circulate through the batt, as well 

as through small gaps at the framing, reducing 

its effectiveness. Cover the open side of the wall 

with 2 in. of rigid foam insulation. The rigid 

foam will enclose the batts, providing an air bar-

rier, thermal break, and condensation resistance 

in any climate.

Insulation
If you are tearing down drywall or plaster in one 

room or many, the temptation is to slap some 

fiberglass batts in the empty wall cavities and say 

“good enough” before refinishing. If the wall 

was uninsulated to begin with, that will certainly 

be a big improvement, but carefully choosing 

To achieve their full 
R-value, fiberglass 
batts must be carefully 
installed, without gaps or 
compression.

protip

If you’re planning to 
blow in cellulose insula-
tion, you can leave a 4-in. 
space in the center of the 
wall between the sheets 
of drywall, as shown 
below. The gap makes it 
easy to insert a fill tube 
to insulate each wall cav-
ity. Once insulated, fill 
the space with a strip of 
3⁄8-in.-thick drywall, then 
mud and tape the gap as 
one wide seam.

trade
secret

Insulation Recommendations
In general, I recommend better thermal performance for building components  
than current energy codes demand.

Cold Climates

Walls Ceilings

R-40 R-60

Mixed 
Climates

Hot Climates

Floors Windows

R-40

R-30 R-45

R-20 R-30

U-0.15–U-0.25 

R-30
U-0.2–U-0.3, with 
SHGC of 0.2–0.4. 

R-20
U-0.4–U-0.5, with 
SHGC of 0.15–0.3

In any climate, insulate slab floors to at least R-10 (R-20 if it has embedded radiant heat) and 
foundation walls to R-20.

Use a putty knife or a 6-in. taping knife to 
tuck the back corners of batts into place to 
help prevent the corners from rounding. When 
fiberglass batts are properly installed, you’ll 
get much closer to the R-value you paid for. 
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Sprayed- or blown-in products
Sprayed- or blown-in insulation systems can 

perform better than batts by themselves. They 

have the benefit of conformity: When installed 

properly, they fill in gaps and avoid many of the 

problems that are difficult to avoid with batts.

Over the years I’ve seen hundreds of wall 

cavities insulated with cellulose, either as an 

open-cavity damp spray or as a dry dense-

packed application. Damp-spray cellulose is not 

a do-it-yourself job, because it requires special-

ized equipment and training to do well.

Sprayed cellulose is a bit more expensive than 

contractor-installed fiberglass batts. At about 

R-3.4 per in., you get only a little more R-value 

Installation Defects and 
Insulation Performance

The performance of insulation suffers dramatically when there are gaps and spaces in the installation. As this 
chart indicates, relatively small gaps at sides or ends of cavities have a surprisingly large impact on performance, 
especially for higher R-values. Other typical defects include compression, rounded corners, side-stapling of faced 
batts, and spaces around wiring, plumbing, blocking, or other obstructions. Besides gaps, other insulation, such 
as loose-fill or sprayed products, suffer frequently from low densities, incomplete fill, or uneven fill. “Average” is 
meaningless for R-values; the minimum thickness that is found frequently across an insulated surface dominates 
the heat loss of that surface.
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The rounded shoulders, 
compression, and gaps 
that are typical in batt 
installations can result 

in substantial loss ­
of R-value. Batts ­

should be cut to fit 
neatly around all 

obstructions and should 
fill the entire cavity.

Don’t put all your 
thermal “eggs” in one 
basket. It doesn’t make 
sense to superinsulate 
your walls and leave the 
single- or double-pane 
windows in place.

protip
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Insulating floors and ceilings
If you are insulating a flat ceiling with an open 

attic above, refer to the chapter on insulating; 

the issues are exactly the same, and the same 

techniques apply. Resist the temptation to install 

fiberglass batts only between the joist bays while 

the ceiling is open; instead, install loose-fill insu-

lation after the drywall is up.

For exposed floors, my preference is either to 

sheathe the joists and dense-pack cellulose or to 

use a flash-and-batt approach. If you’re going to 

install cellulose, be sure to note with a pencil any 

obstructions or blind cavities as you install rigid 

foam, plywood sheathing, or drywall so you will 

not miss them while blowing the insulation. A 

third option is to net the joists and blow in cel-

lulose or fiberglass.

Cathedral ceilings and flat roofs are a bit 

trickier. For those that are difficult or impossible 

to vent properly, the only legitimate method is 

than batt insulation. In terms of performance, 

you’ll get much more for your money with cel-

lulose, because it is not subject to the same types 

of installation defects that plague fiberglass jobs.

If your remodeling project doesn’t include 

opening the walls, or if you want to install the 

insulation yourself, dense-packed dry cellulose 

may be your best bet. This is the same process as 

blowing cellulose into uninsulated walls in any 

house (see “Insulating a House”). Even if you are 

gutting the walls and replastering, you can hang 

the drywall first, then fill the cavities with cel-

lulose. Use a fill tube, if possible, for best results. 

Install the cellulose before taping and finishing 

the wall, so that you won’t have to add another 

step to the finishing process. High-performance 

fiberglass (see p. 75 and the top photo on p. 183) 

can also be blown into closed cavities or behind 

netting and provide excellent results.

Many folks believe that 
the 1⁄4-in. or 3⁄8-in. layer 
of foam board that they 
install under siding is 
useful insulation. In real-
ity, it’s wishful thinking. 
Though there is some 
R-value, it’s minimal. 
This “backer board” is 
mostly to create a nice 
flat surface over the 
existing siding. If you 
replace your siding, add 
at least a 1-in. to 2-in. 
layer of rigid foam, which 
will make a real thermal 
impact.

whatcan
gowrong

The backerboard that’s 
installed underneath 
vinyl siding is mostly for 
the convenience of the 
installer.

Damp-sprayed cellulose installs quickly and 
completely fills wall cavities.

After spraying the damp material, a worker 
scrubs off any excess with a special rotary 
brush, leaving the wall perfectly flat.
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to create an unvented roof; even if it is possible 

to vent, if the ceiling is opened for remodeling 

an unvented roof may be a good option. Foam 

sprayed directly against the sheathing provides 

much of the R-value, unless you are re-roofing; 

in that case, you can consider rigid foam on top 

of the sheathing (see pp. 71–75). Batts or blown-

in insulation can provide the rest of the R-value. 

Install foam to at least the R-value specified in 

the table on p. 75.

Building codes don’t 
allow you to use combus-
tible materials to seal 
leaks around chimneys, 
so metal flashing is usu-
ally the preferred mate-
rial. If you are gutting a 
building or constructing 
an addition, you may 
want to consider install-
ing steel framing with 
top and bottom plate 
channels up against the 
chimney. The steel is 
noncombustible, and the 
channels provide a good 
draft stop at the top of the 
chase.

ACCORDING
TO CODE

Steel studs with steel-
channel top plates pro-
vide an easy way to stop 
air from leaking through 
the chimney chase. Caulk 
the top plates to the chim-
ney with high-tempera-
ture silicone. 

The penalty for improper batt installation 
is even greater in attics and cathedral ceil-
ings than it is in walls. Whenever possible, 
use loose fill or sprayed types of insulation to 
avoid those problems. 

Low-density, spray-applied foams like this 
1⁄2-lb. foam are most commonly used for full-
cavity sprays. 

Professional 
Spray Foams
There are many spray-applied foams 
on the market today, and most fall 
in one of two categories: “open-cell” 
(often called “ 1⁄2-lb. foam,” which has 
a density of about 1⁄2 lb. per cu. ft.) and 
“closed-cell” (or “2-lb. foam,” based on 
its higher density).

At about R-3.4 per inch, open-cell 
foams have about the same R-value 
per inch as batts or cellulose and are 
relatively vapor-permeable, so they 
need a vapor retarder in cold climates. 
Closed-cell foams are more expen-
sive and provide about R-6 value per 
inch. Both are good air barriers wher-
ever they are sprayed continuously. 
Installing sprayed foam requires spe-
cialized equipment and training, so is 
better left to a professional.
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High-performance fiberglass can be blown into open walls behind netting, as shown, or used 
for effective dense packing in closed cavities.

For a given R-value, 
rigid foam offers more 
benefit than cavity insu-
lation because it covers 
the thermal shortcuts of 
wood framing.

PROTIP

If you apply drywall 
directly over rigid-foam 
board insulation that is 
thicker than 1⁄2 in., you 
may end up with a lot of 
nail (or screw) pops. It’s 
better to cover the rigid 
foam with 1�3 furring 
strips before installing 
the drywall. Attached 
with screws at 16 in. o.c., 
either at right angles to 
or directly over the fram-
ing, the furring provides 
a solid nailing base that 
won’t wreak havoc with 
your taping job.

TRADE
SECRET

When insulating walls or 
ceilings with thick foam 
board, use furring to pro-
vide a solid, stable base 
for the drywall.

Spray Foams
Sprayed foams aren’t foolproof; find an 
installer with experience and references. 
Spraying at cold temperatures or onto con-
densation-laden sheathing can cause big 
bubbles, voids, and adhesion problems that 
are hard to spot. If the chemical components 
are not heated to the correct temperature and 
sprayed in the right proportion, foam may not 
cure properly and can leave lingering chemi-
cal odors. Most closed-cell foams are limited 
to about 2 in. per pass; the chemical reaction 
generates heat that can’t dissipate properly in 
a thicker application, which can cause char-
ring or even a fire. Fire-safety codes (or ICC 
Evaluation Service reports) must be followed 
carefully (see p. 79).

Some dealers oversell the benefits of spray 
foam, suggesting that foam’s air-tightness 
somehow means that much lower R-values 
will suffice. Although air sealing is important, 
so too is R-value, so don’t skimp. Don’t settle 
for an installed “average” thickness—insist 
that the thickness you pay for is predominant 
throughout the surface you are insulating.

Once it’s cured, check the thickness of 
foam in various places. Use an insula-
tion push rod or stiff wire, with a piece 
of masking tape as a depth gauge. A 
3⁄4-in. to 1⁄2-in. gap between the surface 
of the foam and the face of the battens 
provides a drainage gap.

And remember, foam can’t seal leaks 
where it’s not sprayed. Cavity spray 
foam still needs some caulking at key 
areas, such as leaks between subfloor 
and bottom plate, between top plates, or 
between adjacent studs.
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tion above. Extruded polystyrene and foil-faced 

polyisocyanurate board are both good choices for 

interior or exterior applications, regardless of the 

climate; polystyrene is cheaper, but isocyanurate 

has a bit more R-value per inch of thickness.

For the same R-value, continuous insulation 

provides far more benefit than cavity insulation, 

because it covers the thermal shortcuts of wood 

framing. I generally discourage the use of high 

R-value material such as closed-cell foam to 

fill wood frame cavities, unless that is the only 

option; the compromise that the framing rep-

resents to your overall thermal performance is 

too large (see the chart on the facing page.) And 

once you install continuous insulation of at least 

R-5, the installation quality of the cavity insu-

lation becomes trivial. Continuous foam sup-

presses the thermal weak spots to a point where 

they play a very minor role.

I prefer adding continuous insulation on the 

outside if possible. In any climate, a 2-in. layer 

of foam on the exterior improves moisture and 

condensation resistance, especially if an air space 

is provided under the siding. Exterior foam also 

keeps the structural elements warm and dry (or 

cool and dry in a hot-humid climate); it doesn’t 

reduce the floor area; and most important, it’s 

simply easier to make the foam layer continuous 

across interruptions like interior walls and floors.

The thickness of the foam is limited only by 

budget, design goals, and practical details; I’ve 

seen installations as thick as 8 in., but 2 in. to 

4 in. is normally adequate to meet whole-wall 

R-values up to about 40. The biggest challenge is 

if you have don’t have an adequate roof overhang 

at the eave or gable. In those cases, you may need 

to modify the roof. If the outside of the house is 

in very good shape, or if there are zoning restric-

tions that won’t allow thicker walls, you may be 

forced to add insulation on the interior.

Built-Up Walls and Roofs 
for High R-Values
If you are insulating an older house but not 

remodeling or changing the surface finishes, the 

level of insulation you can achieve is limited 

by the existing structure. During moderate to 

substantial remodeling, however, you have more 

latitude in determining the level of insulation.

Using a remodeling opportunity to improve 

the thermal performance of your house can give 

you more bang for your insulation buck. With 

some planning and foresight, you can substan-

tially beef up the insulation levels in walls, roofs, 

and floors without adding tremendously to the 

cost of the project.

Adding foam board
Depending on the thickness of your walls and 

the overall desired R-value, you can add a layer 

of foam insulation on the inside or the outside 

of walls, cathedral ceilings, or floors. There’s not 

much point in adding it on a flat ceiling with an 

attic, where you can simply blow in more insula-

Drywall returns pro-
vide an attractive and 
inexpensive solution 
to window openings in 
thick walls. A wooden 
stool and apron provide 
a nice window shelf.

Damp-Spray Cellulose
Damp-spray cellulose is an effective insulation material, but not a do-it-
yourself project. There are a few things you should know about this type 
of insulation to ensure you get good results. First, moisture content is 
critical. If too little water is mixed with the cellulose fiber, the material will 
be crumbly and won’t stick well. If too much water is added, it will slump 
away from the top plates. Pick up a handful of freshly sprayed mate-
rial and squeeze it hard; no water should drip out. When checked with a 
moisture meter after a day or two of drying, the moisture content should 
be at or below 25 percent before the cavity is enclosed with drywall.

Sprayed cellulose doesn’t work in walls more than 6 in. thick or in 
vaulted ceilings. If you have an overhead application or thicker walls, 
install dense-packed cellulose (see pp. 76–77) behind unfinished drywall 
or use netting to enclose the cavities before installing.
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One issue with built-up interior walls is that 

of electrical boxes, which need to be remounted 

to account for the new wall plane. Another 

complication with adding thickness to a wall, 

inside or out, is the need for extension jambs 

around window and door openings.

If the thickness is added to the exterior, you 

will have to either push the window and door 

frames out to the new exterior wall surface or 

build exterior extension jambs, including detail-

ing the flashing and drainage for deeply inset 

frames. Of course, if you are installing new

windows anyway, that will not be much of a 

problem. In either case, pay careful attention

to proper window- and door-flashing details

(see pp. 189–191).

Rigid versus Cavity 
Insulation Performance
Because of the thermal “bridge” penalty of wall studs that interrupt the insulation, the 
overall R-value of a full cavity of closed-cell foam is lower than you’d think. This compari-
son between the insulation material R-value (nominal) and the whole-wall R-value (actual) 
shows that the penalty is even larger for a 2×6 wall than for a 2×4 wall. Your best bet to get 
the high R-value you paid for is 4 in. of continuous foam on a 2×4 wall.

One complication if you 
are adding insulation to 
the outside of an existing 
wall is that eave or rake 
overhangs may need to 
be extended.

Exterior continuous insulation can 
be added with rigid board foam, but 
it can also be sprayed to whatever 
thickness is desired. A 3⁄4-in. to 1⁄2-in. 
gap between the surface of the foam 
and the face of the battens provides a 
drainage gap.

Wood battens, stood 
off from the original 
structure with screws or 
L-brackets, are fully sup-
ported by the foam.

2x4 cavity foam

0 10 20 30 40

2x6 cavity foam

2x4 R11+2 in. XPS

2x4 R11+4 in. ISO

2x6 R21+2 in. ISO

Nominal R

Actual R
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or with a flash coat of closed-cell foam first. As 

with an exterior foam application, this system 

interrupts the thermal-bridge effect (except 

where the framing members cross, which is a 

small enough area to have very little impact). 

Electrical boxes can be mounted directly to the 

cross strapping.

In the past, designs for superinsulation often 

featured double-studded walls or deep framing 

members to contain a lot of insulation. However, 

Cross-strapping walls or ceilings

Another technique for providing a thicker cavity 

to accommodate extra interior insulation is to 

nail 2×3 cross strapping, or other framing of 

substantial thickness, across the studs or rafters. 

Cross-strapping works best when you start with 

a 2×6 wall, because you are adding only an extra 

11⁄2 in. of insulation. Although carefully installed 

fiberglass batts can work with this type of wall, 

I prefer cellulose or blown-in fiberglass, alone 

Although housewraps 
such as Typar® and Tyvek 
are marketed as air barri-
ers, they have some 
inherent limitations. If 
you’re re-siding an old 
house with plank sheath-
ing, housewrap can cer-
tainly help tighten the 
walls, but it must be care-
fully detailed and taped 
at all seams. The places 
where enclosures leak 
the most are where 
housewrap is usually not 
detailed well or even 
present: at window and 
door openings, at cantile-
vers and other transitions, 
and where exterior walls 
meet attics, garages, and 
other unconditioned 
spaces. I think of house-
wrap primarily as a 
drainage membrane to 
prevent moisture intru-
sion; I seal the air leaks 
with other materials.

WHATCAN
GOWRONG

Adjustable Electrical Boxes
When installing interior foam board, 
it is often difficult to properly mount 
electrical boxes. The Adjust-a-Box® 
comes in a single- or double-gang 
box and has an adjustable bracket 
that allows for the increased thick-
ness of interior wall sheathing.

With the turn of a screw, 
the bracket on this adjust-

able electrical box (from 
Carlon or Thomas & Betts) 
can adjust the front of the 
box up to 2 in. away from 

the face of the stud, allow-
ing for up to 11⁄2 in. of foam 

board, plus drywall. 

The most important role of housewrap is as a drainage plane. All too 
often I see applications that are prone to trapping water. Look under the 
window to the left—the lower piece overlaps the upper one.
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the extra framing is expensive and usually struc-

turally unnecessary. Instead, walls and rafters can 

be built to any thickness with pieces of plywood 

or other scrap material (which are called gussets). 

The gussets, typically installed on 2-ft. to 4-ft. 

centers, tie a nonstructural interior member, 

such as a 2×2, to the wall studs or rafters. A gus-

seted wall can be made as thick as you like for 

maximum R-value.

Lightweight trusses of any thickness, commonly 

called Larsen trusses, can also be built out of 2×2s 

and plywood gussets, then nailed to the building’s 

exterior. The depth of the truss is limited by the 

roof overhangs, or you must build extensions to 

the roof edges. And keep in mind that doors and 

windows will need to be carefully flashed, whether 

they are reset to the new exterior wall plane or left 

in line with the original wall.

Another variation on exterior foam insulation: a continuous peel-and-stick membrane, adhered 
to the wall sheathing, covered by 4 in. or more of rigid foam with offset joints. As shown here, 
the membrane and insulation layers may be continued to cover the roof, with eave and rake 
details applied on top (such a system is often called PERSIST or REMOTE). This system is pricey, 
but highly robust in any climate: The membrane provides drainage from exterior water or 
summertime condensation and stays warm enough in the winter to avoid interior condensing. 
Siding is applied on furring attached with epoxy-coated screws.

There are guidelines 
for minimum R-values of 
exterior foam or cavity 
spray to avoid wintertime 
condensing in walls and 
roofs. These guidelines 
assume that the total 
insulation R-value of the 
foam plus any batt or 
blown fiber insulation 
added will meet code 
requirements, but not 
much more. If you are 
planning a much higher 
R-value, you’ll need to 
increase the R-value of 
the foam layer to ensure 
protection. Aim for 40 per-
cent of the total R-value 
in foam up to climate 
zone 5, 45 percent in zone 
6, and 50 percent in zones 
7 to 8. If you’re not sure, 
it’s always safe to add 
more foam or less fiber.

INDETAIL

Water will get past your 
exterior cladding, par-
ticularly around windows 
and doors; install 
sheathing wrap shingle-
style to shed water.

protip

To provide a watertight seal, slip a piece of 
housewrap or building paper into a slit above 
the window or door and over the head nailing 
flange or flashing. 
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STRATEGIES FOR HIGH R-VALUE WALLS

Rigid Foam Exterior
An effective wall for new construction or a remodel features a built-up 
layer of rigid foam on the exterior. The foam can double as a drainage 
plane if detailed carefully, but I prefer a ridged sheathing wrap under 
it as the primary drainage plane. The foam prevents sheathing con-
densation in winter and controls outside vapor in hot, humid weather.

Ridged “drain”-type or conven-
tional house-wrap membrane, 
lapped and taped seams

Exterior 
fiber-cement 
siding

Airspace for drainage: 
1⁄2-in. or 3⁄4-in. 
vertical furring

Pan flashings at window/
door openings lapped to 
drain over foam

11⁄2-in. to 6-in. 
rigid foam; if
3 in. or more, use 
multiple layers 
with offset joints 
and attach with 
epoxy-coated 
screws through 
1�3 furring

Exterior structural 
sheathing

2�4 or 2�6 
structural wall; batt, 
blown, or open-cell 
foam insulation

Gypsum wallboard or original plaster 
with latex paint—no vapor retarder

Cross-Strapped Wall
Adding 2�3s at right angles to the wall studs or rafters 
provides a thicker cavity and covers most of the framing 
with a couple of inches of insulation to provide a thermal 
break. In most cases, this costs less than covering the 
wall surface with rigid foam but provides less moisture 
resistance.

Properly insulated 
floor-joist cavities

Horizontal wire runs are 
quick and easy to install 
without drilling studs.

Original or new 2�4 or 
2�6 exterior structural wall

2�3s nailed flat to studs at 
16 in. o.c. provide a nailing 
base for drywall and extra 
insulation space.

Larsen Truss
A Larsen truss can be added 
to the exterior of a house 
with little disruption to the 
inside wall surfaces. Windows 
and doors can be installed at 
the new exterior wall surface, 
with extension jambs to the 
interior trim. As with any 
exterior wall, window and 
door flashing is critical, as is 
a drainage plane of house-
wrap or felt paper under the 
exterior sheathing.

The preparation of a wall for 
exterior sprayed foam is similar, 
but the structure is lighter and 
faster because the closed-
cell foam provides the shear 
strength to support the battens 
and siding. This can be installed 
over sheathing or original siding.

Nonstructural 
vertical trusses built 
from 2�2s with 
plywood gussets 
attached vertically 
at 16 in. or
24 in. o.c.

Exterior sheathing 
provides a nailing base 
for siding and protects 
insulation from wind-
washing.

Original (or new) 2�4 
exterior structural wall

Original structural 
sheathing

Drainage gap 
at bottom with 
insect screening

Gussets can be replaced by long 
epoxy-coated screws with rigid-foam 
blocks as standoffs (upper), or steel 
L-brackets (lower), on 3-ft. to 4-ft. 
vertical centers.

Closed-cell foam is sprayed 
about 3⁄4 in. shy of batten face 
to provide drainage space. Lap 
siding is nailed directly to 
battens with no need for 
exterior sheathing.

Sheathing, building paper or 
housewrap, and siding
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it, pretend that you’re not going to cover it 

with anything—you should create an effective 

weather barrier that will shed rain on its own.

The use of building paper as a drainage plane, 

including the installation details around window 

and door openings, is nothing new. But because 

of the marketing message that housewraps are for 

energy efficiency, those were largely forgotten.

In addition to window and door openings, 

pay close attention to where a roof connects to 

a taller, vertical wall. A gable roof that dies into 

a wall is always vulnerable to water intrusion. 

Applying a layer of flexible adhesive flashing 

membrane (ice and water shield) underneath 

the roofing and siding can help, but sticking it 

on over the housewrap is asking for trouble. To 

Moisture Control
Whether you’re recladding a house or building 

an addition, don’t skimp on moisture control. 

Good moisture control is just as important as 

energy improvements. When buildings were 

uninsulated and leaky, they dried out easily, 

whether the source of moisture was from 

indoors or out. Now that houses are built tighter 

and are better insulated, walls dry more slowly. 

Pay attention to water management to reduce 

the risk of serious structural damage or mold. 

Controlling moisture from both the interior and 

the exterior is important; interior moisture issues 

are covered in “Energy Basics” and “Ventilation 

Systems”; this section will focus on exterior 

moisture control.

Drainage planes
A large number of building failures result from 

poor water-management details. Flashing is 

often sloppy, missing, or ignores the fact that 

wind and capillary action can drive water uphill 

or through gaps in the exterior siding. Unless 

you live in an extremely dry climate, it’s best to 

assume that water will get past the cladding, par-

ticularly in and around window and door frames.

If you accept that no siding system keeps 

out all water, the solution is pretty easy: Apply a 

drainage plane behind the siding. Often called 

a “weather-resistive barrier” and traditionally 

composed of housewrap or building paper, the 

drainage plane helps to keep water that gets 

behind the siding from soaking into the wall or 

pouring in at the corner of a window frame.

To be effective, the drainage layer must be 

waterproof (or at least water-resistant) and be 

overlapped to shed water running down under 

the force of gravity. It also must be detailed 

properly at intersections with roofs, overhangs, 

and other architectural features. While you install 

Cedar and redwood 
owe their weather 
resistance to chemicals 
called surfactants—the 
same chemicals that 
make soap effective. 
Research has shown that 
unprimed cedar or red-
wood that are in direct 
contact with plastic 
housewrap or felt paper 
can significantly reduce 
its water repellency. 
Those woods should 
always be back-primed if 
they are applied directly 
over housewrap or felt. 
An airspace, such as a 
rain screen, is even more 
effective. In addition, 
Portland-cement stucco 
is alkaline and also 
degrades housewrap, so 
stucco coatings on wood-
frame buildings should 
be applied over two 
layers of #15 felt, never 
directly on housewrap.

INDETAIL

When installing 
housewrap, pretend  
that it won’t be covered 
with anything. It should 
be able to shed water  
on its own.

protip

Standard adhesive membranes are an alter-
native to flexible ones or metal or plastic pan 
flashing. Install a small patch over the corner, 
then adhere the main piece over it before 
installing the side strips. 
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Preparing a Window or Door Opening
Sooner or later, window and door frames leak. To make 
a window or door opening really waterproof, so water 
doesn’t get into the building frame, carefully prepare 
each rough opening before installing the unit. Don’t 
depend on adhesive strips stuck on picture-frame-
style over nailing flanges—water will leak behind them 
through the sill, and adhesives fail. Attach the sill strip 
or pan flashing and the side strips after the housewrap 
or felt paper is in place, then install the window or door 
according to the manufacturer’s instructions. You can 
use tape, adhesive flashing strips, silicone, or urethane 
caulk to seal the side nailing flanges, but leave the 
bottom flange open to shed water easily. Cut a slit in 
the housewrap or felt above the head flange and tuck 

in the head strip. Cover the seam with a piece of good-
quality tape or an adhesive strip to hold it in place, but 
the water repellency won’t depend on the adhesive.

This is a summary; there are many good resources 
available that show step-by-step procedures for flash-
ing windows, including manufacturer’s instructions. 
Window and flashing manufacturers may have vary-
ing instructions for specific parts of the process. If 
they conflict, try to follow the more conservative of the 
requirements.

Note: In addition to the process and steps for flash-
ing, also verify chemical compatibility of sealant strips 
or flashing membranes with materials such as house-
wrap that you plan to adhere them to.

The head strip of 
adhesive flashing tucks 
under the slit or flap, 
covering the head nail-
ing flange or window 
cap flashing. Extend 
the head strip to the 
edges of the side strips.

Side strips of felt, house-
wrap, or adhesive flashing 
wrap at the inside edge 
of the rough opening and 
overlap the sides of the 
pan flashing.

Soldered metal or 
solvent-welded plastic 
pan flashing.

Cut a slit or make a
flap in the housewrap
or felt paper.

Tape the end of the 
adhesive flashing and/
or the end of the house-
wrap flap at both ends.

Seal the side nailing 
flanges with an adhesive 
flashing strip on both 
sides. Don’t seal the bot-
tom flange.

Dotted line shows outline 
of side strips.

Optional:  A bevel clapboard 
under the sill strip sheds 
water better.

Flexible adhesive flashing 
can wrap around a corner 
with no seams.

Housewrap or felt paper 
is installed first.

12 in. 12 in.



­191m o i s t u r e  c o n t r o l

That can be a money saver, because it reduces 

moisture-related cupping, checking, and paint 

failure. Finally, when vented at the top and 

bottom, it helps dry the entire wall.

Rain screens can be used with horizontal 

siding of any type, as well as with panels and 

even shingles. If you install more than 1 in. of 

rigid foam on the exterior, you will get a rain 

screen automatically because you’ll need to use 

furring attached through the foam to support 

the siding. Rain screens are less important with 

vinyl siding, which tends to drain well and does 

not have paint-durability issues, and they won’t 

be of much benefit in a dry climate (less than 

20 in. of rain annually). Stucco finishes should 

be applied over wire lath that is held off of the 

building paper by wood strips or special furring 

nails—never applied directly over plastic house-

wraps. Alternate approaches include a double 

layer of felt paper (traditional for stucco) or a 

felt paper/wire lath combination material that is 

installed over a set of thin lath strips. Be sure to 

provide a weep screed at the bottom and flash 

the drainage layer carefully at window and door 

openings, just as with any other cladding system.

make matters worse, there can be chemical com-

patibility problems between adhesive membranes 

and various building papers, including asphalt-

impregnated felt paper. The membrane may be 

installed under the roofing and building papers, 

but there it’s a last line of defense. It’s still impor-

tant to install the other materials to shed water.

For a better solution, make sure the house-

wrap or building paper on the wall overlaps the 

adhesive membrane. Better yet, it should also 

overlap the roof ’s step flashing to keep water 

above the roof. If the step flashing is installed 

after the housewrap or building paper, simply 

cut a slit a few inches above the top edge of the 

step flashing, then tuck in a piece of counter 

flashing that overlaps the step flashing, just as you 

would above window and door openings (see 

the bottom photo on p. 187).

Rain screens
You can dramatically enhance the drainage 

plane by installing a vented drainage space 

behind the siding. This is called a rain screen, 

and the airspace provides multiple benefits. 

First, the airspace provides a place for water to 

drain when it leaks past the siding. Once past 

the siding, water tends to fall instead of being 

driven farther into the wall. Second, it equalizes 

the humidity on both sides of wood siding.  

Don’t assume that 
caulking, tape, or seal-
ants will stop water over 
a long period of time. 
Those products depend 
on chemistry to adhere 
one material to another. 
Sooner or later, the adhe-
sives fail, the caulking 
dries up, and water starts 
to seep in—usually unno-
ticed. Taping the flange 
is better than just nailing 
it on over the housewrap. 
However, if the adhe-
sive tape at the top of 
this window fails, water 
can sneak in behind the 
housewrap, seep under 
the nailing flange, and 
leak into the wall.

whatcan
gowrong

Horizontal clap-
board siding can be 
installed on verti-
cal furring strips 
mounted 16 in. o.c. 
Wet siding can dry 
into the airspace, 
which is screened at 
the bottom to keep 
out insects and allow 
drainage. 
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is likely true even if you’re building an addition 

and only making modest thermal improve-

ments to the existing house, because the existing 

system was likely bigger than necessary to begin 

with. Make sure the installing contractor does 

a careful heating and/or cooling load calcula-

tion as part of the proposal, because right-sized 

equipment will cost less to install and take up 

less space.

Another common issue, particularly with 

additions, is heating and cooling distribution. 

Mechanical Systems  
(Heat, Air-Conditioning,  
Hot Water, Ventilation)
If you are investing in remodeling and improv-

ing the energy features of your house, you might 

consider replacing heating and air-conditioning 

systems at the same time, unless they are recently 

purchased high-efficiency units. Once you 

improve the house’s energy performance, the 

heating and cooling loads will be reduced. This 

If you’re doing a major 
renovation, consider 
replacing your heating 
and air-conditioning sys-
tems at the same time.

protip

#15 felt paper, or housewrap 
drainage plane, carefully 
detailed to shed water

3⁄8-in by 2-in. plywood furring 
strips nailed over studs

A shingle-over ridge vent can be used 
between furring strips to pad a window 
screen and still allow water to drain.

1�8 water table (typical)

        Clapboards 
     or other 
horizontal siding

   1�2 ripped to an angle 
caps the water table (typical)

   Tar-paper splines shed 
water at joints in siding.

 Window screen impedes insects.

Detailing a Rain-Screen Wall

Furring and siding should be 
installed after the drainage 
plane is complete, including all 
window, door, and roof counter-
flashing. The vent space behind 
the siding allows water to drain 
freely, reducing vapor pressure 
that can drive paint from a 
wall. In order to promote drying, 
provide a screened outlet for 
the vent air at the top as well 
as at the bottom. The outlet can 
be hidden behind a rabbeted 
frieze board, or it can vent into 
the soffit (provided there is 
adequate venting in the attic to 
carry moisture away).

You may think that the 
combination of passive 
solar heating with in-
floor radiant heat will 
provide a super-efficient 
house, but the thermal 
lag of radiant heat can 
work against solar 
design. After a cold night, 
the slab will already be 
charged with heat when 
the sun rises in the morn-
ing. The heating thermo-
stat will shut off, but the 
already-warm slab will 
not absorb much of the 
solar gain, and the space 
may overheat. If you 
want to combine radiant 
floor and passive solar 
heating systems, reduce 
the amount of south glaz-
ing to less than 7 percent 
of the floor area to avoid 
overheating, or provide 
for a 10-ft. to 12-ft. section 
of slab along the south 
side that is not heated by 
the radiant system.

whatcan
gowrong
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from the water heater or boiler can be circulated 

through radiators, finned-tube baseboards, or 

radiant floor tubing. Heat can also be distributed 

through ducts with a fan coil. Some models of 

fan coil are rated for potable water, so they don’t 

require an extra heat exchanger. This approach 

also allows for air-conditioning with the same 

air handler, by utilizing a hydro-air coil with an 

added air-conditioning evaporator coil.

Planning ventilation
If you’re gutting a significant part of your 

house or adding a lot of new space, don’t forget 

about ventilation. This is a good opportunity 

to improve a home’s ventilation system or add 

a new one to serve the whole house. It is fairly 

easy to retrofit a high-quality bath fan and timer 

or a return makeup air system (see “Ventilation 

Systems”), especially during a remodel.

If you are improving the thermal efficiency of 

the rest of the house while building an addi-

tion, one option is to reconfigure some of the 

old distribution system to supply the new living 

space. The amount of distribution that you need 

in each room (ducts or baseboard) is directly 

proportional to the heating or cooling load, so 

significant thermal improvements can free up a 

substantial amount of duct capacity. Of course, 

any distribution system in an unconditioned 

space should be well insulated, and all new duct-

work should be thoroughly sealed with mastic 

during assembly. Another option is to add a new, 

separate system for the addition.

Heating and cooling strategy
One thing to consider when planning the 

mechanical systems during a renovation is sim-

plicity. An energy-efficient addition, or even an 

entire superinsulated house, can often be served 

by a very small system. Consider a single ductless 

mini-split for an addition, or a mini-split with 

two or three indoor units for a whole house if 

you are doing a major renovation. Mini-splits 

have no duct losses, and no ducts to route, and 

can heat and cool very efficiently in almost any 

climate (see p. 124). Alternately, a small, centrally 

located furnace or hydro-air handler can serve 

an entire highly insulated house with a few small 

ducts running through inside walls and floors. 

With a very efficient enclosure, delivering heat 

and cooling at the outside perimeter isn’t neces-

sary; shorter duct runs, and smaller equipment 

mean smaller ducts that can be fitted into the 

design more easily.

Another option is a high-efficiency gas water 

heater or compact boiler to provide heat and 

hot water for a well-insulated addition or an 

entire, remodeled home. I prefer a tank-type 

water heater rather than a tankless. Hot water 

This single, high-efficiency water heater, a 
Vertex™ by Smith®, has plenty of heat capac-
ity to provide all the heat and hot water for 
this well-insulated remodel.  The box at left is 
a hydro-air handler, which delivers heat from 
the Vertex or air-conditioning from an outdoor 
condenser to a small central duct system. 

Even if you are adding 
square footage to your 
house, you may not need 
a larger heating or cool-
ing system; make sure 
the installer does a care-
ful load calculation.

protip

I once did an energy 
consultation for custom-
ers who were doubling 
the size of their house by 
adding a second floor. 
The plumber had already 
taken the hot-water boiler 
away, even though it was 
fairly new and efficient, 
saying that it would 
never be big enough to 
heat the expanded house. 
It’s too bad, because my 
calculations showed the 
heat loss on the finished 
house to be less than 
35,000 Btu per hour, less 
than the original, unin-
sulated house of half 
the size. To top it off, the 
new boiler was about the 
same as the original; if 
they were going to spend 
the money, they should 
have at least gotten a 
higher-efficiency model.

whatcan
gowrong
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Lighting
p. 204

Appliances
p. 201

Electronics
p. 199

The Impact of 
Lights and 
Appliances
p. 196

Electronics, appliances, and lighting represent 

a significant part of the average family’s energy bud-

get: almost 45 percent of the energy dollars spent in 

homes across the country. Although the actual electrical con-

sumption of most individual lights and appliances is small, most 

houses have a lot of them, which can add up. In addition, every 

house has a few major appliances that account for a large share 

of the total electricity consumption. Here is where thoughtful 

planning about how you use appliances and lights—and some 

inexpensive controls—can make a big difference.

Smart shopping can also help. Whenever you buy an appli-

ance, select a product that offers performance you need but 

uses less power. One energy-efficient light bulb can save from 

$20 to over $300 over its lifetime. This chapter will discuss 

where and how to get the most for your energy dollar from the 

appliances, electronics, and lighting in your home. 444

electronics, 
appliances, 
and lighting

4

3

2

1
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The Impact of Lights  
and Appliances
Appliances, electronics, and lights (or plug loads) 

are an important piece of the energy picture 

in houses. Plug loads account for 67 percent of 

the electricity used in homes, and 43 percent of 

energy dollars spent. That’s more money than 

heating, which is the next largest category at 

28 percent. The inefficiency of our electric system 

means that plug loads actually use more fossil fuel 

than any other residential energy use, and it’s also 

the dirtiest category: 45 percent of our electricity 

is generated from burning coal, which generates 

more greenhouse gases and toxic emissions than 

other fossil fuels. In total, 48 percent of the source 

energy used in homes, which is the fossil fuel 

energy that is either used on site or burned at a 

power plant, goes to power our plug loads.

Appliance use is also rising steeply. From 

1978 to 2005, the total energy used by U.S. 

homes stayed almost constant, but plug loads 

almost doubled, from a 17-percent share to 

31 percent. Most households have many more 

plug-in devices than ever before: televisions, set-

top boxes and game consoles, home office gear, 

chargers for cell phones and gadgets of all kinds, 

as well as more and larger appliances such as 

refrigerators and amenities like swimming pools.

So efficient appliances, and the efficient use 

of appliances, have a large potential for savings. 

Efficient plug loads not only save electricity 

(and money) while you use them, but they also 

produce less waste heat, which saves on air- 

conditioning expense as well. All that savings 

leads to even larger environmental benefit: 

Because it consists almost entirely of electricity 

use, home-appliance energy use is about on par 

with heating, water heating, and air-conditioning 

combined in contributing to climate change and 

air pollution.

How much am I using?
We tend to be fairly aware of a home’s heating 

or cooling system, because we can feel when it’s 

running. We can see when a light is turned on 

Most household electric-
ity is consumed by small 
loads that run continu-
ously and by medium or 
large appliances that 
cycle on and off.

protip

People with high elec-
tric bills sometimes ask 
whether their meter is 
broken. In my experi-
ence—and that of utility 
company employees—a 
meter’s record is pretty 
accurate. Electric meters 
are dependable, they 
are almost always right 
on, and if they do wear 
a little after decades of 
service, they tend to slow 
down a bit, rather than 
speed up. If you think 
your bill is too high, look 
more closely at things 
that use electricity in 
your home.

whatcan
gowrong

National Energy Use: 
Household Annual Expenses

Appliances and 
lights: $784 (43%)

Water heating: 
$288 (16%)

Air-conditioning: 
$227 (13%)

Space heating: 
$511 (28%)

Although refrigeration, lighting, and appliances 
represent only 31 percent of all energy used 
by residences nationwide, they consume 
43 percent of the energy dollars of the aver-
age household (including apartments). The 
actual percentages may vary substantially, 
depending on the climate and the habits of 
an individual family, but these figures leave 
significant room for improvement.
(Source: U.S. Department of Energy, 
Residential Energy Consumption Survey 
[RECS], 2005.)
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or when the dryer is used. But many appliances 

operate quietly in the background, chugging 

away and using electricity without really being 

noticed. What matters most with any electrical 

appliance or lighting use is the overall consump-

tion of electricity, or usage.

Usage is defined by the size of a load and the 

amount of time it runs. The size of an electrical 

load is the amount of power it uses at a given 

moment—for example, 10 watts, 200 watts, or 

1,200 watts. Large loads that run for very short 

periods (a few seconds or minutes at a time) may 

actually consume very little electricity. (Think 

of an SUV, or even a tractor-trailer cab, parked 

in your driveway. If you never drive it, it won’t 

consume any gas at all, even though the engine 

power rating is high.) Small loads that run con-

tinuously can add up to a lot. The really big 

consumers are medium or large loads that run 

frequently and for long periods.

People often base their thinking about elec-

tricity usage on their perception of how much 

something is used. “These two small air condi-

tioners run all the time when it’s hot, and they 

don’t keep up with the heat very well. If I got 

a single bigger unit that didn’t have to run as 

much, that would surely save on my electric bill. 

Right?” Not exactly. It would save energy only 

if the bigger unit was significantly more efficient: 

Does it provide the same Btus per hour of cool-

ing for fewer kilowatt-hours (kWh) of input? 

My new Energy Star refrigerator had a notice 

in the instructions that said not to be concerned 

that the refrigerator runs for long periods of 

time, because it’s designed with a small motor 

that is meant to run for longer periods to save 

energy. In some cases, such as swimming-pool 

pumping, simply installing a smaller motor and 

running it longer can save a large portion of the 

cost for that appliance.

How do I know how much?

The most detailed information most people get 

about their electricity use is a single number, 

once a month: your total household electric 

consumption, in kilowatt-hours, that you see on 

your bill. If you want to figure out where your 

electricity dollars are going every month, an 

electricity monitor can help you identify what 

users are costing you the most.

Plug-in monitor The Kill a Watt®, Conserve 

Insight™, or Watts Up?™ Pro (shown in the 

photo on p. 198) are just a few examples. Plug 

one into a standard wall socket and it measures 

the electricity used by whatever is plugged into 

it. You can watch the display of watts to deter-

mine both standby consumption and operating 

power. Most also measure kWh over time or 

estimate annual operating costs. Of course, plug-

in monitors don’t work for hard-wired light fix-

tures, appliances, or 220-volt devices.

How Much 
Electricity?
The amount of electricity used by a 
device depends on its power in watts 
and on the amount of time it operates. 
Electricity consumption is measured 
in kilowatt-hours, which equals power 
(in thousands of watts) � hours. A hair 
dryer that uses 1,200 watts and runs 
for 15 minutes each day uses
1.2 kW � 0.25 hr = 0.3 kWh per day. At 
a rate of $0.15 per kWh, that adds up 
to about $1.40 per month (0.3 � 0.15 
� 30). Compare that to a 60-watt light 
bulb that runs all day: 0.06 kW � 24 = 
1.44 kWh per day, or $6.50 per month. 
You can reduce the consumption by 
replacing it with a more efficient bulb, 
by reducing the run time, or both.

Refrigerators and freez-
ers run most efficiently 
when they are kept clean, 
have adequate air circu-
lation around them, and 
are relatively full.

PROTIP
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Home-Appliance Electrical Use
The amount of energy a particular appliance uses can vary significantly with the amount and the way it’s used, 
and with the design of the device. This chart shows typical or average usage of most common household 
appliances, for a house that includes one or more of each category. You can’t save what you don’t use; the 
biggest opportunities for savings are from the biggest users.

Spa pump/heater
Pool filter/pump

Refrigerator
Freezer

Waterbed heater
Clothes dryer

Room air conditioner
Lighting-attached fixtures

Large, heated aquarium
Electric range top

Dishwasher
Electric oven
Dehumidifier

Well water pump
Digital TV*

Desktop PC
Analog TV

Printers/MFDs
Aquarium (typical)

Microwave
Set-top box (cable/satellite)*

Component stereo
Ceiling fan

Compact audio*
Notebook PC

Coffee machine
Security plug-in lights

Broadband modem
Iron

VCR*
Vacuum

DVD*
Hair dryer

Toaster
Toaster oven

Rechargeable electronics

Kilowatt-Hours (kWh) per Year (Typical)

$ per year at $0.15kWh

*These end-uses are typically bundled together in an entertainment center that may use 500 to 1,000 kWh/year

0 	 500 	 1,000 	 1,500 	 2,000 	 2,500

Appliance Type

$0	 $50	 $100	 $150	 $200	 $250 	 $300	 $350	 $400

The Kill a Watt (left) and 
the Conserve Insight 
(center) are both simple 
devices that measure  
the electricity use of  
any 120-volt device up 
to 15 amps. Both cost 
between $20 and $30. 
The Kill a Watt is more 
flexible and provides 
more information; the 
Insight is simpler to use, 
and the wired display 
saves your knees when 
checking on an out-of-
the-way outlet. The Watts 
Up? Pro is shown at 
right.
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Web-based services A growing number of 

Web-based info services can tell you about your 

home’s energy use. Some (like www.MyEnergy

.com) allow users to link their account informa-

tion online, providing efficiency reports over 

time. Others, like OPower and Tendril, engage 

utility customers in social networks. By provid-

ing information about how you use energy 

relative to your neighbors, and promoting com-

petition and collaboration for reduced energy 

use, these free tools can also help motivate 

people to find savings opportunities.

None of this information will save energy by 

itself. What these devices can do is help iden-

tify the big users; it’s up to you to take steps to 

reduce consumption.

Electronics
You may think that when you turn something 

off at the switch that it is off. But many con-

sumer electronics, computer equipment, and 

some appliances don’t really turn off. They go 

into a standby mode, waiting for you to turn the 

switch back on or to click a remote. The energy 

used during standby is sometimes called a phan-

tom or vampire load, creating a slow and steady 

drain on your electric meter. A standby mode 

can provide real utility (such as the clock on the 

coffeemaker that shows you the time and can 

make your coffee just before you wake up). But 

they can also be a waste, or in between: A set-

top box or DVR needs to be on to record your 

favorite shows, even if you’re not there.

Standby loads
Standby loads for consumer electronics have 

been dropping rapidly due to voluntary standards 

like Energy Star in combination with advances 

in technology. But consumers are buying more 

Whole-house monitor Current Cost’s Envi 

Monitor, Blue Line’s Powercost Monitor™, and 

The Energy Detective™ (photo at right) are 

some examples. Ranging from about $100 to 

$250, they monitor whole-house electricity 

use over time. A sensor connects either inside 

your main electric panel or outside your elec-

tric meter. Some have a Wi-Fi connection for 

online monitoring, and most have software that 

analyzes your energy usage over time. Whole-

house monitors capture all appliances at once, 

including hard-wired (such as furnace fan, light-

ing, central air, or pool pump), but you have to 

experiment a bit to determine what is using 

energy at any given time. Some devices can 

monitor individual circuits in your breaker box 

simultaneously for a more detailed breakdown, 

but with a starting price tag of over $600, they 

are unlikely to pay for themselves in energy sav-

ings that you couldn’t get with simpler devices.

TV Power
Large-screen TVs use the most 
energy when they are on. The three 
biggest factors are technology, screen 
size, and brightness settings. Plasma 
TVs use two to three times more 
energy than LED and LCD screens. 
Size is a big driver of energy use, but 
brightness settings also have a large 
effect (“backlight,” if available, and 
“contrast” or “picture” have the most 
impact on energy). Calibrating the 
screen to your home environment can 
save 20 percent to 50 percent of the 
electric power used and still provide a 
high-quality picture.

The Energy Detective. 

A device with any of 
the following features 
will likely use some 
standby energy: a remote 
control, a built-in clock, 
a digital status display 
that stays on, or an 
external power supply 
or “wall cube.” Any unit 
that has only a flat-panel 
keypad or “soft” but-
tons for on and off will 
remain in standby mode; 
a recharger for battery-
powered gadgets, when 
not actually charging a 
battery, is by definition a 
standby load.

INDETAIL
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something. There’s a lingering myth that leav-

ing a computer running reduces wear and tear, 

but that advice harkens back to a time when 

hardware and operating systems were unreliable. 

All modern operating systems include standby 

or hibernation modes that recover quickly, and 

actually save wear and tear, while saving electric-

ity. Look for settings such as Power Options or 

Energy Saver. Note that some standby modes 

require a small amount of energy, so be sure 

that your desktop computer is plugged into an 

always-on outlet so your session is preserved 

when everything else shuts down.

and more electronics every year, so the sheer 

number of devices tends to offset efficiency 

improvements. Fortunately, there are many con-

trol devices available to help you plug up these 

energy leaks (see the sidebar above). If you are 

thoughtful about how you apply these controls, 

you can save energy, and in some cases even 

enhance convenience.

Another area of phantom energy use that you 

can easily control is your computer. In addition 

to putting peripherals and monitors on a con-

trol, you should also avoid screen savers, some 

of which actually increase energy use. And don’t 

leave the computer on unless it’s actually doing 

Smart Strips
Many gadgets are available to help 
manage phantom loads. They all prom-
ise to pay for themselves in a year or 
two, but their impact depends entirely 
on what’s plugged in and how it’s used. 
Any control will save the most when 
it shuts off larger plug loads; the best 
opportunities are usually found in 
groups of devices, like entertainment 
centers or home offices. Here are the 
main categories:

AUTOMATIC CONTROLS
The Smart Strip® (above center) is one 
of several brands that sense when a
“primary” load (such as a computer or 
TV) is running. When you switch off that 

primary device, most of the other out-
lets in the strip automatically shut off 
power to peripherals such as monitor, 
printer, DVD player, or game console. 
Look for a load-sensing device that 
you can adjust to properly sense the 
standby or “off” power level of your
primary device.

The Watt Stopper® (left, top) uses 
a motion sensor. When you leave the 
room or work area, it shuts off six of 
the outlets after a time delay.

The power strip by APC (left, 
bottom), has a built-in timer. Use timers 
for appliances you use during predict-
able hours, such as home office equip-
ment, or to cut power to a DVR during 
hours you know you don’t need it.

REMOTE CONTROL
Remote controls are flexible and put 
you in control; they also allow you keep 
the power cables out of sight, while 
allowing on/off control from anywhere 
nearby. The switch for the Belkin® 
remote power strip (above left) can 
mount on the wall. The remote out-

lets (above) from Bye Bye Standby® 
include six independent on/off buttons; 
any button can operate multiple outlets. 

TIME-DELAY
When you click the button on top of 
this Belkin Conserve Socket (below), 
the outlet comes on; after a preset time 
of 30 minutes, 3 hours, or 6 hours, it 
shuts itself off. 
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only takes 4 to 8 hours. It’s easy to cut the daily 

run time to 4 hours for a week or two. If the 

water starts to get cloudy, increase the run time a 

bit until it clears; if not, cut it even further until 

you find an equilibrium. It may need more run 

time in hot weather; but make sure to cut back 

when temperatures are more moderate. If you 

have a heated pool, an insulated cover can save 

even more—provided you close it when the 

pool is unoccupied.

To reduce the operating time for a dehumidi-

fier, monitor the humidity level in the air and 

don’t run it more than necessary. Indoor relative 

humidity should be kept between 30 percent 

and 50 percent for optimum health, so get a 

humidity gauge and adjust the dehumidifier to 

the upper end of that range.

Improving efficiency
It’s also possible to improve the efficiency 

of some appliances. Efficiency can often be 

Appliances
Once you have identified your big electricity 

consumers, you can use three basic approaches 

to reduce your appliances’ energy usage: 

Reduce the run time of appliances, improve 

the energy efficiency of your existing appli-

ances, and buy new appliances that are more 

energy efficient.

Reducing run time
Reducing appliance run time may be as simple 

as turning things off when you don’t need 

them. Some big users, such as a pool pump or 

dehumidifier, may run part- or full-time in the 

background, where you are not aware of them. 

In some cases, it may be possible to add a simple 

control to turn the appliance on only when it is 

needed, or adjust an existing control to cut the 

usage without sacrificing utility.

For example, many pool pumps are controlled 

by a timer to run between 8 and 12 hours per 

day. But proper filtration and circulation often 

Load-control
technology is changing 
quickly, and more options 
will emerge in the next 
few years. Web-based 
home automation, com-
bined with information 
processing and smart-
phones, has the potential 
to provide user-friendly 
control devices combined 
with information; cur-
rent examples include 
Tendril, EnergyConnect, 
MiCasaVerde, Energy 
Hub, and ThinkEco. 
Electric utilities benefit 
when a customer agrees 
to let them turn off cer-
tain devices at peak 
times, and they already 
provide incentives for 
such control in many 
markets. Load control 
will be increasingly com-
pelling as the technology 
cost drops, the price of 
electricity goes up, and 
the information analysis 
tools grow more sophisti-
cated. All of these trends 
should continue, so 
watch for offers by your 
electric company to pro-
vide such a service or to 
chip in when you install 
one yourself.

INDETAIL

The Modlet: A Control 
Device with a New Twist
The ThinkEco® Modlet® is both plug-in load monitor and 
control timer. It plugs into a standard duplex outlet and 
communicates with your computer via a wireless USB 
receiver. The Modlet collects information on each outlet 
and allows and on/off control of each. The included soft-
ware graphs energy use over time and allows you to set 
schedules for each outlet. One receiver can control any 
number of Modlets around the house. The Web-based 
software and visuals are nice, but at $45 each it’s an 
expensive way to monitor and control loads. One plug-in 
monitor can help you determine usage, and then you can 
buy individual controls (see the sidebar on the facing 
page) for a fraction of the cost. The Modlet does one 
thing that most other controls don’t: It lets you monitor 
and control loads remotely with a smartphone app.
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Buying a new, highly efficient refrigerator won’t 

save any energy if you keep the old one run-

ning! It’s a common mistake to assume that 

if the fridge is only keeping a few items cold 

it’s not working very hard. A refrigerator uses 

most of its energy keeping the inside of the box 

cold—even if it’s completely empty. If you can’t 

do without it, unplug the spare until you need 

it to stock up for that holiday gathering. One 

more buying tip: A manual-defrost chest freezer 

uses far less energy than an upright, auto-defrost 

unit. Modern, airtight chest freezers rarely need 

defrosting, and are less likely to damage food 

with freezer burn.

Laundry Washing clothes uses energy in three 

ways: Washers and dryers have motors that move 

clothes and water; washers use hot water, which 

is heated with gas or electricity; and dryers heat 

increased by simple maintenance or by choosing 

the proper settings when using appliances.

Refrigeration The refrigerator is typically 

the biggest electricity user in the kitchen, and is 

often the largest in the house. If your refrigera-

tor is getting old, it’s probably worth replacing 

it with a new Energy Star model. New, efficient 

refrigerators use less than half the energy of 

standard models before 1993. If you are lucky 

enough to have a refrigerator that dates back to 

the 1970s or early 1980s and it still runs, take it 

to the recycle center. Even if it’s the spare in the 

basement or garage, the energy savings will pay 

for a brand-new unit in just a few years. And buy 

the smallest, simplest fridge that will meet your 

needs; large Energy Star models use more elec-

tricity than smaller ones; through-door ice and 

water also use energy.

To keep any refrigerator running right, ensure 

adequate air circulation around the unit. Keep it 

a few inches away from the wall, and don’t box it 

in with cabinets. It’s a good idea to vacuum the 

grill periodically, but there is no evidence that 

vacuuming dust off the coils inside actually saves 

electricity.

Make sure the door seals are tight, keep the 

unit away from heat sources (don’t put it next 

to the stove or dishwasher), and check the 

temperature setting. The refrigerator compart-

ment should stay between 38°F and 42°F, and 

the freezer between 0°F and 5°F. If you have a 

power-saving switch, use it. Typically, the switch 

disables internal heaters that fight condensation; 

turn it off only if condensation occurs.

Finally, keep refrigerators and freezers reason-

ably full; they are less efficient when they are 

nearly empty. Even more important, avoid the 

temptation to keep the old fridge in the garage 

or basement for overflow (or the odd six-pack). 

New Energy Star refrig-
erators use far less 
energy than old ones, 
but there is a wide range 
even within Energy Star 
models. Larger sizes, 
through-door services, 
and side-by-side designs 
are convenient, but they 
all use more energy. 

Don’t use indoor dryer vents like this one. In 
addition to the moisture load, if you have a 
gas dryer you may dump carbon monoxide 
indoors. To reduce dryer energy, buy an effi-
cient washer instead.

Even the most  
inefficient new models 
of household appliances 
typically use much less 
energy than appliances 
that are 10 or more  
years old.

protip
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Don’t use the “Heavy” or “Pots and Pans” cycle 

unless you really need to. A fast scraping or rins-

ing of dishes (especially starchy stuff) does help 

the dishwasher do a better job, so you can use 

the “Light” setting. But always use cold water 

for pre-rinsing. Use a premium dishwasher 

detergent, and let the dishwasher do the job 

it’s designed for: cutting grease. Wait until the 

machine is full before using it: It uses the same 

amount of energy whether you wash one dish 

or thirty. Many new dishwashers have sensors 

that stop the machine as particulates in the water 

clear (indicating that the dishes are clean). If you 

don’t have to take the dishes out right away, you 

can run the machine with the “Air-Dry” setting 

(sometimes called “Energy Saver”).

It’s okay to use the dishwasher: In fact, 

research shows that even careful hand washing 

uses more hot water and soap than a modern 

clothes to dry them out. When you do a load 

of laundry, pay attention to the washer settings. 

Always use a cold-water rinse, and use a warm 

or cold wash for loads when you can. A warm/

cold cycle uses about half as much total energy 

as a hot/cold cycle.

Also, pay attention to the size of the load; fill, 

but don’t overload, the machine for best effi-

ciency. If you do run a smaller load, set the wash 

level appropriately. The settings on your washer 

also affect drying time. Use the fastest spin setting 

whenever you can, to remove the most water.

For dryer efficiency, keep the lint filter clean, 

and check the outlet periodically for lint that 

may be clogging the vent. If your dryer hose is 

kinked, twisted, or too long, replace it with as 

short and direct a run as possible, preferably with 

a straight sheet-metal duct instead of a flexible 

vinyl or aluminum duct. Try to run several loads 

in succession to take advantage of retained heat, 

and fill, but don’t overload, the machine. Of 

course, if the weather’s good, you can also dry 

clothes outside on a line.

Dishwasher You can minimize dishwasher 

energy by paying attention to the settings. 

This dryer vent outlet is clogged with lint. 
Anything that interferes with the airflow of 
the dryer hose or outlet reduces its efficiency.

Horizontal-Axis Washers
Most new Energy Star–rated 
clothes washers are front-
loading, horizontal-axis 
units. They save energy 
by using less water and 
by using gravity instead of 
brute force to agitate the 
clothes. They also spin out 
more of the water, saving 
dryer energy. They do a 
better job of cleaning while 
using less detergent, and 
they’re easier on clothes, 
too. The top of the washer 
can be used to stack the 
dryer, or both can be set 
atop stands. Although it will 
cost more than a regular 
washer, the energy savings 
should offset the extra cost 
in 4 to 8 years.

Front-loading clothes washers 
use less water and less energy 
and are easier on your clothes.
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Lighting 
There are two basic approaches to making the 

lights in your home more efficient: eliminate 

unnecessary usage and use the most efficient 

products available. Many of us heard the message 

“turn off lights when you’re not using them” 

while we were growing up. Of course, how 

much light you need is a matter of eyesight and 

personal taste. Turning off a light isn’t always a 

practical solution, except when you leave the 

room—then there’s no excuse.

One of the best ways to eliminate unneces-

sary light usage is with controls. Regularly used 

indoor lights can be put on timers or occupancy 

sensors so they aren’t left on for hours when no 

one is using them. Exterior walkway and secu-

rity lighting can be put on a combination of 

timers, motion sensors, or photocell controls to 

minimize their use while ensuring that they are 

on whenever needed.

dishwasher. And today’s very efficient dishwash-

ers are reasonably priced—there are Energy 

Star–rated dishwashers at every point in the 

price spectrum.

Smart shopping  
for new appliances
Minimum efficiency regulations for new appli-

ances have increased over the years, so even the 

least-efficient new models typically use much 

less energy than appliances that are 10 or more 

years old.

In most cases, it’s not cost-effective to go 

out and buy new, energy-efficient products just 

to save energy. Two exceptions to this rule are 

older refrigerators and dehumidifiers. For other 

appliances, look for the most efficient products 

available when you do go shopping—and always 

choose an Energy Star–labeled appliance at a 

minimum. It’s worth some research in advance; 

even within the Energy Star labeling program, 

there can be a wide range of efficiency. For 

example, to get an Energy Star label, refrigera-

tors must save at least 20 percent over federal 

standards, but some models save over 50 percent. 

Also, minimum requirements vary with features: 

A side-by-side model with through-door ice can 

use almost 50 percent more than a top-freezer 

model without ice—even though both are 

Energy Star rated. Listings of efficiency levels by 

model number for most Energy Star products 

are available at www.energystar.gov/products.

Finally, keep your eyes open for utility rebate 

programs or other promotions. Local electric 

utilities often provide financial incentives for 

consumers to buy more efficient appliances. 

Incentives may include coupons, mail-in rebates, 

or point-of-sale discounts; some programs even 

pick up and dispose of older, inefficient refrig-

erators or other appliances.

The EPA and DOE work 
with appliance manufac-
turers to set standards 
for products that use 
significantly less energy 
than standard units of the 
same type. Appliances in 
the Energy Star labeling 
program include clothes 
washers, dishwashers, 
refrigerators, dehumidifi-
ers, and many categories 
of consumer electron-
ics and computer/office 
equipment. See www.
energystar.gov for more 
information.

INDETAIL

Controls such as photocells, motion sensors, 
and timers (left to right) can automatically 
turn indoor or outdoor lights on and off when 
needed, reducing waste. Most are available at 
hardware stores and home centers for hard-
wired or plug-in applications. 
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more options than ever before, including low 

and high light outputs, dimmable lamps, can-

delabra lamps, and three-way lamps. However, 

CFLs have some drawbacks: As they have gotten 

cheaper, their longevity has dropped (though 

they still last longer than regular bulbs). The 

quality of light, although much better than the 

CFLs of yesteryear, is typically best kept behind 

a lampshade or frosted-glass diffuser, or in a 

recessed fixture. Even the best of today’s CFLs 

have to warm up for up to a minute to reach 

their full brightness, and some bulbs may not 

start at all in extreme cold. CFLs also contain 

tiny amounts of mercury, which costs extra to 

recycle properly, and they can be hard to clip a 

lampshade on. Despite these drawbacks, CFLs 

are affordable, efficient, and a great option for a 

majority of lighting needs.

Efficient lighting
To maximize the efficiency of your existing light 

fixtures, replace any high-use bulbs with efficient 

ones. There are two main categories of efficient 

lighting: compact fluorescent (CFL) lamps, and 

light-emitting diode (LED) lamps. Both are 

more expensive than incandescent bulbs, but 

they save two-thirds to three-quarters of the 

electricity for the same amount of light, and they 

last much longer than regular bulbs. That saves 

money in the long run, and it can also save a lot 

of hassle replacing lamps in hard-to-reach places.

Compact fluorescents
Today’s CFL lamps are smaller, more reliable, and 

have a much better quality of light than any-

thing that was available in the 1990s. Prices have 

dropped to as low as a dollar or two each, and 

CFLs are available in virtually any retail outlet 

where you can find an ordinary bulb. There are 

Each compact ­
fluorescent lamp you 
install will save you  
$20 to $100 over its life, 
and prevent hundreds  
of pounds of carbon  
emissions.

protip

Some efficient lighting 
manufacturers overstate 
the equivalent incandes-
cent wattage that their 
product replaces. CFLs 
and LEDs provide the 
same amount of light at a 
much lower wattage, but 
be cautious. A 3-to-1 ratio 
is safe with CFLs; a 4-to-1 
ratio may not be enough. 
Most 20-watt CFLs will 
handily replace a 60-watt 
bulb; in some cases, 
15 watts is fine, but not 
lower. Good-quality LED 
lamps are more efficient 
and can replace four to 
five times the incandes-
cent wattage.

trade
secret

The popular torchiere-type floor lamps typically come with 
300-watt halogen lamps, which not only use a lot of electricity 
but also can be a fire hazard. Many types of CFL torchieres 
are available with dimmers or three-way switches; they save 
energy and reduce fire risk.

Compact fluorescent lamps 
come in many shapes and 
sizes and range in price from 
about $2 to $15. Always look 
for the Energy Star label. 
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look like an incandescent bulb is a challenge; 

most manufacturers combine many LEDs of 

different colors to approximate warm, yellow-

white light and to disperse the light in a useful 

pattern.

LED bulbs are still expensive. Good-quality 

LEDs with light output equivalent to a 40-watt 

to 60-watt bulb cost about $20 to $40. But their 

rated lifetime ranges from 25,000 to 50,000 

hours (that’s 8 to 16 years at 8 hours/day), three 

to six times longer than most CFLs. The com-

bination of very long life and higher efficiency 

increases the savings compared to CFLs. The 

cost-effectiveness will only improve as the tech-

nology evolves and prices drop.

LED Lighting
LED lighting technology is developing rapidly. 

In just a few years, a number of good-quality 

LEDs have become available (though they are 

still expensive). The products will keep getting 

better, and prices will continue to drop, over the 

next few years at least.

LEDs are fundamentally different than other 

light sources. An LED is a semiconductor—

basically, a tiny computer chip—that generates 

light. LEDs have been around for decades in 

electronic equipment displays and status lights, 

but by nature a single LED generates a focused 

point-source of light in a single, saturated color 

such as red, yellow, or blue. Getting an LED to 

Never put a CFL 
or LED lamp in a 
fixture that has 
a dimmer switch 
unless it is rated for 
dimmer use. It can 
be a fire hazard. 
Fixtures that have 
a “night-light” 
setting, and some 
electronic security 
timers, can also 
be a problem with 
standard CFLs and 
LEDs; dimmable 
lamps are safe in 
those applications.

S A F E T Y 
F I R S T

These are my current favorites for dimma-
ble, screw-in LEDs (left to right): two levels 
of Philips® EnduraLED™ are 40W and 60W 
equivalents; The dimmable LSG Definity® 
(also 60W equivalent) “warm white”; and 
Sharp®’s 40W-equivalent, remote-controlled 
“mood light bulb”. 

LSG and Philips make numerous other LED 
styles, including dimmable globe lamps 
(center), flame-tip lamps (left), and others. 
Small reflector lamps like this 2.2W PAR20 by 
Maxlite® (right) are good for track fixtures to 
provide background light. 

These bulbs from GE®, LSG, Philips, and TCP 
(left to right) range from 17W to 20W and 
replace 60W to 75W of incandescent. The GE is 
the brightest, and the others are all dimmable. 

SWITCH is a new line 
of innovative LED 
lamps: fully dimma-
ble, screw-in replace-
ments for 40-Watt, 
60-W, 75-W, and 100-W 
bulbs as well as a 
3-way lamp. www.
switchlighting.com 
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Applications of 
LED and CFL lamps
Because of their higher up-front cost and long 

life, LEDs save the most money when they 

replace those lights that are most used. I recom-

mend LEDs for any lights that are used at least 

3 to 4 hours every day, and also in any light fix-

tures that are very difficult to reach—$20 isn’t 

much if it saves you a visit to the chiropractor 

(or the emergency room). Depending on your 

habits, hallways, circulation areas, work areas, and 

children’s bedrooms or study areas may be good 

choices. Lights that are on a security timer are 

good candidates, too, as well as any that are regu-

larly left on when nobody’s around (whether by 

accident or on purpose).

Color 
Temperature
Many efficient lamps have a rating for 
“color temperature.” This relates the 
color of the light output, ranging from 
warm to cool. Expressed in degrees 
Kelvin, most lamps dial in somewhere 
between 2,500 and 6,000. I consider 
2,700 a good target for warm, yellow-
white glow that looks like an incan-
descent bulb. A rating of 3,000 is a 
bright white (like a well-lit office), and 
4,200 is cool white, like older fluores-
cent tubes. Daylight lamps range from 
5,000 to 6,000.

Most lighting manufacturers 
offer interior CFL fixtures in a 
wide variety of styles. Always 
look for the Energy Star logo.
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Electric utility companies often promote 

energy-efficient lighting, so watch for rebates or 

promotions, or check online to find out what 

your local utility has to offer.

Efficient light fixtures
In addition to screw-in CFL and LED lamps, 

you can also purchase fixtures with built-in 

CFLs. CFL fixtures typically include the bal-

last (the electronic component that runs the 

fluorescent light) and a plug-in pin base for the 

lamp. Pin-base replacement lamps are usually less 

expensive than the screw-in types, because they 

don’t include the ballast. CFL fixtures are good 

candidates to replace any high-use lighting fix-

tures in the home, particularly ones that you are 

planning to update anyway. They can also replace 

high-use fixtures for which you can’t find a CFL 

screw-in bulb that fits properly.

CFL fixtures come in hundreds of styles and 

sizes, including wall sconces, ceiling-dome fix-

tures, pendant lights, recessed cans, exterior-wall 

fixtures, and floodlights. Prices are typically $20 

to $30 higher than an equivalent standard light 

Then, replace pretty much all the rest of 

your incandescent bulbs with CFLs. Exceptions 

include specialty fixtures where CFLs don’t fit 

(note that both CFLs and LEDs are readily avail-

able with candelabra bases); bulbs that are rated 

for special locations, like oven lights; and halogen 

pendant or track lights.

This dimmer switch in 
Lutron®’s C-L series uses 
an adjustment wheel 
hidden behind the cover 
plate (circled) to control 
the dimming range. This 
avoids problems seen 
with some dimmable 
CFLs and LEDs, such  
as flickering, unex-
pected shutoff, or  
trouble turning on.

Lumens
Lumens refers to the light output level, or brightness, of a light bulb or lamp. 
This chart shows the approximate lumens for common wattage levels of 
incandescent bulbs, as well as the wattages of typical CFLs and LEDs  
with equivalent light output.

Electrical Power Consumption, 
Watts (W)

Incandescent

Light 
Output 
(lumens)

40

60

75

100

150

CFL

9-13

13-15

18-25

23-30

30-52

450

800

1,100

1,600

2,600

LED

8-10

12-15

17-20

*LED lamps with to 150W equivalent light are not commonly available as of this writing.

20 +

*

This 10.5W LED insert by CREE® (roughly 50W 
equivalent output) is a great way to save on 
lighting energy and also reduce air leakage 
through standard 6-in. recessed cans. 
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fixture, and styles range from utilitarian econ-

omy models to some pretty fancy ones. Beware 

of CFL fixtures that don’t have the Energy Star 

label. Although they may save energy, some tend 

to be cheaply made and are unreliable.

LED light fixtures, on the other hand, are 

available only in certain designs. LEDs excel 

for some specialty applications: Fixtures such as 

undercabinet light strips, accent lighting, and 

landscape lighting are easy to find.

Most compact fluorescent lamps take 
a little longer to start in very cold 
conditions (below 25°F). That may be 
hazardous if you use them for exterior 
lighting—for instance, if you flick on 
the light just to run out on an icy side-
walk to grab the newspaper or round 
up the dog. If you live in an area with 
very cold winters, it’s better to use 
LEDs outdoors.

S A F E T Y  F I R S T

Many types of wall-
mounted exterior 
fixtures are also 
available with built-
in CFLs. 
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W ith increasing concern about climate 

change and rising fuel prices, the production and 

use of renewable energy has been growing by 

leaps and bounds in America since the mid-1990s. Renewable 

energy is an important part of our energy future, but it is not 

a panacea: It’s almost always cheaper to reduce your energy 

needs first. Then consider using renewables to power some, 

or all, of the needs that remain. This chapter is not a hands-on 

guide to installing renewable energy systems; that is beyond 

the scope of this book. Rather, it offers a look at some common 

alternative energy systems and how they work and guidance on 

what to look for and what to avoid.

Renewable energy in a home can take many forms, from 

simple (daylighting and passive solar heating) to complex (solar 

electric, wind, or small hydro systems). And renewable energy 

systems are not free to operate and maintain, though some 

come close. 444

Renewable 
and 
Alternative 
Energy

4

3

2

1
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Photovoltaics: 
Solar Electricity
In the wake of the energy crises of the 1970s, 

solar electricity was touted as a solution to take 

us into the 21st century. Solar electricity, or pho-

tovoltaics (PV), has seen rapid growth since the 

mid-1990s as worldwide production of photo-

voltaics has grown exponentially and prices have 

dropped dramatically. Aided by state and federal 

tax credits, PV systems have seen widespread 

applications on homes, businesses, schools, and 

other buildings.

PV basics
Solar electricity is produced by silicon solar cells,

thin wafers of semiconductor film. Each cell is 

several inches across, and when exposed to direct 

sunlight produces a DC electric current—the 

same type that is found in flashlight and auto-

mobile batteries.

Cells are grouped together into units called 

modules, usually rated between 50 watts and 

300 watts. The cells are attached to a tempered-

glass covering and frame for weather protec-

tion and mounting. Usually, several modules are 

mounted together in a PV array to provide the 

total desired power. Because PV modules pro-

duce DC power, an inverter is used to transform 

this output into 120-volt AC, the standard that 

is used in homes. (Some PV arrays are used to 

power DC loads directly, but that has limited use 

in most houses.) Along with associated wiring, 

circuit breakers, and safety disconnect switches, 

these components make up the PV system.

Most residential PV systems are connected 

directly to the home’s electrical system and help 

offset electricity use. In most states, any excess 

electricity generated by a PV system is fed back 

PV arrays can be ground-
mounted if there isn’t 
a suitable roof area on 
which to install them.  
These “tracking” ground-
mounts also follow the 
sun each day to squeeze 
out some extra output, a 
cost-effective strategy in 
very sunny climates.  In 
many cases, it’s cheaper 
to install more panels for 
the same output than it is 
to buy a tracking mount. 

Net Metering
At least 33 states have laws requiring 
electric utilities to purchase power 
generated by small residential PV 
installations at the same retail price 
the customer pays. This is called net 
metering; it means that whenever the 
PV array is producing more power than 
the house is using, the meter actu-
ally turns backward. In some states, 
the homeowner does not get the full 
retail rate for excess power generated. 
See www.irecusa.org/irec-programs/
connecting-to-the-grid/net-metering 
for the latest state-by-state summary.
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to the utility grid, effectively turning the elec-

tric meter in reverse. It’s important to arrange 

for the proper hookup with the utility provider; 

the proper safety and metering equipment 

must be in place to protect utility workers. Any 

home-based, grid-connected power-generation 

equipment must either shut down or discon-

nect automatically in the case of a general power 

outage so electricity can’t “back-feed” onto 

wires where workers don’t expect it.

Photovoltaics can also be configured in a 

stand-alone, independent system with battery 

storage to provide electricity when the sun isn’t 

shining. Although this may make sense on an 

isolated site where a line extension would cost 

big bucks, it rarely makes sense for a home that 

has access to utility power. The added expense 

and complexity of a stand-alone system is more 

of a liability than an advantage; the utility grid 

provides cheaper, safer, and more reliable short-

term “storage” for electricity than batteries. 

And it won’t get you through a power outage 

of more than a few hours. Although it might 

power a laptop and a few efficient light bulbs, a 

gas generator is far cheaper and better suited to 

run essentials like the refrigerator, stove, heat-

ing system, and well pump. Instead of buying 

enough batteries to power a home for a couple 

of days once every few years, invest in energy 

efficiency improvements that will save energy 

and money all year.

PV economics
Although the price continues to drop, 

PV-generated electricity still costs more than 

grid power. A utility-interconnected system now 

costs between $4 and $8 per peak watt installed, 

so a small system rated for 1,000 watts (1 kW) 

may cost $4,000 to $8,000 installed (battery 

back-up systems run at least double that cost). 

This system will produce 1,000 to 1,700 kilo-

watt-hours (kWh) per year, depending on your 

site, climate, and latitude, or roughly $150 to 

$300 worth of electricity; that’s still a pretty long 

payback. But with a wide range of rebates and 

tax credits that reduce costs, falling PV prices, 

and rising electric rates, PV is starting to be a 

very attractive investment in its own right.

The National Renewable Energy Lab 

(NREL) has a free online calculator (www.nrel 

.gov/rredc/pvwatts) that can give you a good 

idea of how much electricity you’ll get from a 

system in your location; for information about 

tax incentives and other federal, state, and utility 

incentives, see www.dsireusa.org. A professional 

site assessment is important before installing any 

type of PV system; an experienced consultant or 

contractor can help estimate projected output 

for your site and help to ensure that you are 

The wiring for a PV system can be complex 
and needs to be done by a licensed contractor 
who understands the specific requirements 
of the National Electric Code. In addition to 
circuit breakers, controls, and switching hard-
ware, the two white boxes on the lower right 
are the inverters that transform the DC volt-
age to 120-volt AC.

A friend who designs 
and installs PV systems 
for a living says that 
many of his clients don’t 
get serious about con-
serving electricity until 
after they have installed 
a PV system. Only after 
they see firsthand what 
a small contribution the 
new equipment really 
makes do they really 
focus on their lighting 
and appliance efficiency, 
and their habits.

INDETAIL
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tal cost of some of the “deepest” building-shell 

retrofits, PV can be both financially and envi-

ronmentally attractive. PV systems create virtu-

ally no pollution over their useful lifetime, and 

require little or no maintenance—there are no 

moving parts. Large numbers of small PV sys-

tems on rooftops help create a less centralized 

energy supply that is more efficient and less 

vulnerable to disruptions. So start by sealing, 

accessing all available incentives. Some other 

factors that may limit the viability of a system 

include shading, age or condition of your roof, 

and the level of efficiency of the house.

Is it a good idea to install a PV system? It 

depends. Because PV power is expensive, reduc-

ing your energy loads is almost always cheaper 

and provides greater energy savings. On the 

other hand, when compared to the incremen-

A Solar Electric System

Stand-alone

A residential PV installation typically has an inverter to convert the DC voltage from the mod-
ules to the AC voltage commonly used in homes. The utility-connected system has a synchronous 
inverter that tracks the grid power. It shuts down during a power outage so PV-generated voltage 
can’t endanger utility workers trying to repair the line. This type of system doesn’t produce usable 
power unless the grid is operating and the sun is shining.

The stand-alone PV system doesn’t need a synchronous inverter and can run anytime. Many off-
grid systems include a mix of AC and DC wiring, so some appliances can run without the inverter.

Note: Fused disconnects and other safety components omitted for clarity. Regulations for con-
necting to utility power vary by state and utility company.

PV module  
or array

House 
electric 
meter

AC wiring 
to house

DC-to-AC 
synchronous 
inverter

Main AC  
circuit  
breaker panel

Optional 
PV electric 
meter

Charge  
controller 
prevents bat-
teries from 
overcharging.

Batteries

DC-to-AC 
inverter

AC wiring  
to house

DC wiring 
to house 
(optional)

Utility interconnected

Building codes 
regarding PV installa-
tions are still developing 
and regulations vary by 
state or municipality. The 
most consistently used 
standard for PV installa-
tions includes Article 690 
of the National Electrical 
Code. Be sure that any-
one proposing to install 
a PV system is a licensed 
contractor and that 
they obtain the proper 
permits and adhere to 
any relevant codes. The 
Interstate Renewable 
Energy Council (IREC) 
maintains a state-by-
state database of licens-
ing requirements for PV 
installations at: www.ire 
cusa.org/irec-programs/
workforce-development/
solar-licensing-database. 
Of course, always check 
with your local building 
official before you start.

according
to code
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insulating, replacing your mechanical systems, 

and replacing lights and appliances with efficient 

models. PV is a viable option—when seen as 

part of an overall plan to make your home as 

efficient as possible.

Some PV modules 
are designed for 
direct integration 
with roofing systems. 
Configured to substi-
tute for conventional 
shingles or slates, or 
in strips that lie flat 
between the seams 
of a standing-seam 
metal roof, these 
systems can provide 
PV electricity with a 
lower profile.

Despite the high cost, 
the PV power industry 
is gaining momentum; 
the industry is growing 
at a rate of 25 percent 
per year worldwide. 
Photovoltaics are now in 
common use for portable 
power applications, pro-
vide electricity in devel-
oping countries, and are 
increasingly common in 
the United States in resi-
dential, commercial, and 
municipal-scale installa-
tions. Prices keep drop-
ping, fueled by increased 
manufacturing capacity, 
lower costs for compo-
nents, easier permitting, 
and less need for custom-
ized designs.
In addition to government 
incentives, many electric 
utilities offer subsidies 
for PV installations. PV 
reduces demand during 
summer air-conditioning 
peak hours and reduces 
pollution and other envi-
ronmental problems 
related to power genera-
tion. With subsidies of  
$3 to $6 per installed 
watt, the net cost per 
unit of electricity to the 
consumer can be com-
parable to power bought 
from the utility.

INDETAIL

With a professional site assessment to measure 
solar access, the average annual production 
of electricity by a PV array can be predicted 
pretty accurately.

Solar Thermal Systems
Unless you live on top of a hot spring or a natu-

ral gas well, the only “free” heat source is solar. 

South-facing windows provide direct solar heat-

ing whenever the sun shines, which truly is free 

if you consider that you need windows anyway. 

If you are renovating or adding on to a house, 

incorporating passive solar concepts in your plan 

is a great way to decrease your annual heating 

load (see “Windows”).

The sun’s energy can also be used to actively 

heat homes and hot water, though with more 

initial investment. Regardless of which solar 

approach you use, it always makes sense to invest 

in efficiency first. Any system that provides heat 

or hot water will be less expensive, and produce 

more of what you need, if you reduce the loads 

first.

Sunrooms and solar greenhouses
It may be tempting to buy or build a solar 

greenhouse or sunroom “kit,” but beware 

of claims about comfort and energy savings. 

Rooms with a lot of glass look great in a photo, 
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Active solar space heating
Active solar systems use pumps or fans to move 

heated water or air from a collector to a thermal 

storage area, usually a water storage tank or (in the 

case of an air-based system) a concrete or stone 

mass. Typically, air-based systems are site-built 

and integrated into a building during construc-

tion. Air-based systems are difficult to design and 

build properly. I much prefer water-based sys-

tems because water can store a lot more heat in a 

smaller volume and because it’s easier to contain 

and control. I’ve seen many air-based systems that 

don’t work at all—many increase the heating load 

due to flaws, and few are really effective.

but they can be uncomfortable as glass tem-

peratures drop when the sun goes down. And 

they often overheat when temperatures are mild. 

Although it’s important for serious plant-growing, 

overhead glass magnifies these problems by cap-

turing solar gain in the summer, but little or no 

useful gain in the winter.

When planning a sunroom addition, try to 

orient it so most of the vertical glass faces south 

(or within 45 degrees of south), and reduce or 

eliminate overhead glass and skylights. Choose 

high-performance glass appropriate to your 

climate. For any addition with lots of glazing, 

include interior shades to reduce overheating, 

and use a patio door or other transition to the 

main house that you can close off so the sun-

room isn’t a liability when it’s cold outdoors and 

the sun isn’t shining. 

Trombe walls—masonry walls that separate 

large areas of south-facing glass from living 

space—are another passive solar strategy that has 

proven difficult to design and build correctly. 

They simply don’t work in most Northern U.S. 

climates; you’re much better off investing in more 

insulation and air-sealing or better windows.

Installer 
Certification
The North American Board of 
Certified Energy Practitioners 
(NABCEP) provides the most widely 
accepted installer certification pro-
gram for solar PV systems in the 
United States. NABCEP also certifies 
PV technical salespeople, solar ther-
mal installers, and small-wind-system 
installers. See www.nabcep.org.

Look out for what I call 
solar gimmicks: cheap, 
easy-to-install solar “col-
lectors” that mount on the 
outside of south-facing 
walls and which are sup-
posed to siphon solar 
heat into a room. Most of 
these products have no 
reliable controls or damp-
ers, and can overheat 
the room when you don’t 
need it. You’re usually 
better off installing a real, 
energy-efficient window 
to capture solar gains.

WHATCAN
GOWRONG

Simple, added-on sun-
room kits can bring light 
and space to a dark, dull 
house but may come at 
a price: overheating in 
mild sunny weather, and 
discomfort, condensation, 
and mold when it’s cold. 

This sunroom used to overheat in summer 
when the sun was high overhead, but the 
installation of mirrored light shelves cut the 
excess heat. The spaces in between let light 
through and still admit significant solar gain 
in winter when the sun is low. 
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and heat your house with a high-efficiency duct-

less heat pump (see p. 124), without sacrificing a 

whole room for a hot-water storage tank. I gener-

ally prefer a modest-size solar thermal system to 

supply domestic hot water, after improving effi-

ciency and reducing demand as much as you can.

The basics of solar hot water
Most solar water heating systems use either flat 

plate or evacuated tube collectors mounted on a 

roof or freestanding frame. A working fluid runs 

through the collector and actually brings the 

heat into your stored hot water; this fluid may be 

the home’s potable water (an open-loop or direct

system), or a separate loop of water or antifreeze 

(a closed-loop or indirect system). Open-loop 

systems are prone to freezing and are typically 

only used in the warmest climates.

Manufactured solar hot-water collectors are 

typically used to heat domestic hot water but can 

also be used as a supplement to or even a primary 

source of space heat. Systems sized for space heat-

ing need much larger collector areas and storage 

tanks and are unlikely to be cost-effective for 

most homes—especially retrofits. In fact, one way 

to view the tradeoff is to consider the necessary 

storage. To store enough energy to heat even a 

very efficient house for several cloudy days, you 

need a large collector and a big storage tank, 

which will cost many thousands of dollars. For a 

similar investment, you could install PV, effectively 

“bank” the solar electricity from the summer, 

Many “passive-solar” 
homes have too much 
south glass. If the south-
facing glazed area is 
greater than 7 percent 
to 8 percent of the total 
heated floor area, you 
need thermal mass to 
absorb the heat when the 
sun shines and re-release 
it slowly at night. Without 
enough mass, indoor 
temperatures soar when 
the sun shines and plum-
met when it doesn’t. It’s 
best to have a slab or tile 
floor, without carpeting 
or rugs, in direct sun most 
of the day. A big masonry 
fireplace in the middle of 
your house won’t do the 
job. The mass also needs 
to be completely insu-
lated from the ground: 
A ground-coupled slab 
floor absorbs solar ener-
gy during the day, but 
re-releases more heat 
into the ground than into 
the house.

TRADE
SECRET

PV or Solar Hot Water: 
Which Is a Better Value?
At first glance, a modest solar hot-water system looks like a better deal. Compared to a 
PV array of similar cost, solar thermal produces roughly triple the amount of “raw” annual 
energy. But for most homes the advantage ends there. PV offsets electricity at roughly 
three times the energy cost compared with natural gas. Solar electricity also has about 
three times the environmental impact. Solar thermal systems are more complex, and have 
higher maintenance costs over time; PV can’t leak, freeze, or boil. Finally, solar-thermal 
domestic water systems need storage, unless you want to take all your showers when the 
sun is shining. Grid-tied PV systems effectively “store” any excess in the grid, with little 
efficiency penalty. Tax credits and other incentives vary, and incentives can certainly tip the 
scales one way or the other. If, rather than natural gas, you’re directly offsetting an expen-
sive water-heating fuel like electricity, LP gas, or oil, the solar water heater is much more 
likely the winner and deserves the priority for investment.

The flat-plate hot-water collectors in the 
center of this roof will supply more than half 
of the hot-water needs of the two families in 
this duplex.  Note the small PV module in the 
lower right corner of the collector array; this 
provides power to the loop pump.
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In an indirect system, the working fluid is 

separated from the potable water by a heat 

exchanger. Antifreeze such as non-toxic glycol is 

needed in most indirect systems. Alternately, in 

a drainback system the collector fluid returns to 

a small storage tank when it’s not being heated. 

If the drainback tank is located in conditioned 

space where it can’t freeze, plain water may be 

used. Because it requires the extra storage tank 

Local or regional  
zoning boards or neigh-
borhood homeowners 
associations may place 
restrictions on solar 
hardware and collector 
placement. Be sure to 
check with the build-
ing inspector’s office 
and other appropriate 
authorities before install-
ing a system. Also note 
that at least 39 states 
have some sort of “solar 
access” laws, limiting 
these entities’ ability to 
place restrictions that 
might effectively prohibit 
or increase the cost of 
solar equipment (see 
www.dsireusa.org/solar/
solarpolicyguide/?id=19 ).

according
to code This house has a large array of evacuated-

tube collectors. These collectors are more 
expensive than flat-plate models, but they 
also collect heat more efficiently. Because the 
working fluid is contained only in a manifold 
at the top of each set, there is less fluid, which 
is well-suited to a drainback configuration.

A Closed-Loop Solar Water Heater

This is a simplified view of a typical indirect solar water heater. When the controller senses 
that the temperature in the collector is hotter than that in the storage tank, it turns the 
pump on. As the hot collector fluid circulates through the heat exchanger, the tank is 
heated. Alternatively, a solar electric (photovoltaic) module can directly drive a DC pump, 
eliminating the control system.

The conventional tank provides hot water whenever there is not enough solar heat available; 
some solar storage tanks contain electric elements for backup water heating, so the second 
tank is not necessary.

Note: Check valves, air vents, pressure and temperature relief valves, drains, and other com-
ponents not shown for clarity.

Temperature 
sensor

All collector pipes and solar storage 
tank must be well insulated. In a 

drainback system, the collectors and 
pipes must be carefully pitched to 

effectively drain the working  
fluid when the  

pump turns off.

Cold-water 
supply

Solar-heated 
water out Hot-water supply 

to house
Pump 
controllerCirculating 

pump

Temperature 
sensor under 
tank insulation Heat-exchanger coil  

separates collector fluid  
from potable water.

Optional 
drainback 
tank

Conventional tank 
for backup water 
heating

Solar storage tank
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I have found a few websites with solar hot-

water calculators, but most of them are geared 

toward sales. Many of them low-ball system costs 

or make other assumptions that tend to overstate 

the benefits. I strongly recommend hiring a pro-

fessional with solar thermal design and installa-

tion experience to help if you want to design  

a system.

Choose a contractor or DIY
Installing a solar hot-water system is not for the 

faint of heart, but if you are very capable with 

electrical, plumbing, and general construction 

skills, it is possible to pull off. Some manufactur-

ers sell kits that include most or all of the com-

ponents you’ll need. But you’ll need to be well 

prepared: Solar Hot Water Systems by Tom Lane is 

a good resource that covers the whole process.

If you decide to choose a contractor for a 

prospective solar water-heating project, there 

are several things you should look for. First, the 

contractor should do a thorough site assess-

ment, interview, and analysis to determine your 

hot-water needs and to optimize the choice 

of equipment. Be wary of a “one-size-fits-all” 

approach, which is often focused more on selling 

equipment than designing a system to meet your 

needs. It’s a good idea to get at least a couple of 

bids, and don’t assume the lowest price is the 

and a larger circulating pump, drainback sys-

tems are slightly more expensive (and require 

a bit more electricity to operate). However, in 

a drainback setup the collector only contains 

fluid when the sun is shining and everything is 

working properly; this virtually eliminates the 

chance of costly freezing or boiling in the event 

of a power outage or sensor failure, reducing 

common maintenance headaches.

Some solar thermal systems work passively 

using a thermosiphon. Because this depends on 

the storage tank being situated above the collec-

tors, this isn’t a practical option for many homes. 

In mild climates, however, a relatively inexpen-

sive system using an integrated storage tank is a 

viable option.

At an installed cost of about $5,000 to 

$12,000, a solar water heater is a large invest-

ment. Without incentives, the simple payback is 

likely to be in a range of 10 to 20 years if your 

water-heating fuel is electricity, oil, or LP gas, 

and longer if you have natural gas for water 

heating. Incentives such as tax credits can make 

this technology much more attractive. Note that 

www.dsireusa.org lists incentives for solar ther-

mal, as well as PV and other energy-efficiency 

work. As always, invest in efficiency first, and 

then plan a solar hot-water system based on the 

minimum possible load.

The amount of solar hot 
water you’ll get depends 
on the size of the collec-
tor, the amount of sun-
shine in your area, collec-
tor orientation and angle 
of tilt, and outdoor tem-
perature (climate). In cold 
climates, water heating is 
usually a seasonal opera-
tion, but lower incoming 
water temperatures also 
boost efficiency. Short of 
doing a more detailed 
analysis, you can start 
by assuming that a 
well-sized system will 
produce something like 
half the average family’s 
water-heating needs. Just 
about anywhere, a solar 
water-heating system 
will still need a backup 
heat source, typically 
an electric or gas-fired 
water heater.

INDETAIL

Even in the 
winter, a decidu-
ous tree can cast 
up to 40 per-
cent shade on 
a south-facing 
façade, seri-
ously reducing 
the available 
solar gain for 
passive heating, 
solar collectors, 
or PV. The roof 
is least likely to 
be shaded.
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Other Technologies for 
Electric Generation

Two other ways to produce energy in a home 

without burning fossil fuels are using a res-

idential-scale wind turbine or hydroelectric 

generator. Either of these is highly site-specific 

compared to PV or solar thermal, because they 

depend on an adequate supply of wind or water.

best value. Bids should be detailed, and the con-

tractor should answer your questions satisfacto-

rily; warranty, service, experience, and references 

are all important factors to evaluate before sign-

ing a contract. Solar hot-water systems need reg-

ular maintenance, so be suspicious if an installing 

contractor claims that system won’t need service.

Permitting, zoning, 
installation, and siting 
issues are far more com-
plex for wind than for PV. 
Renew Wisconsin has 
assembled an impressive 
array of factual resources 
called the “Small Wind 
Toolbox” for homeowners 
(and others involved in 
the process, from contrac-
tors to municipal authori-
ties) to facilitate naviga-
tion of the wide array of 
issues surrounding the 
design, installation, and 
operation of residential 
wind systems (see www.
renewwisconsin.org/
wind/windtoolbox.htm). 
Although developed for 
Wisconsin, the toolkit is 
comprehensive and  
most of it can be applied 
anywhere.

according
to code

Thermosiphon Hot-Water System

Cold water to 
collector

Hot-water supply 
to house

Alternate: 
Collector-
integrated 
storage tank

Cold-water 
supply

Hot-water supply 
to houseSolar 

storage 
tank

Special con-
centric fitting 
allows supply 
and return 
water to flow 
from solar col-
lector to tank. Backup electric 

heating element
Hot water from collector 
flows upward into tank.

Cooler water from 
bottom of tank flows 
back into collector.

All collector pipes and 
storage tank must be 
well insulated.

Collector

A thermosiphon system is simpler, less expensive to install, 
and uses no electricity to operate (except when the backup 
comes on). For a thermosiphon system to work properly, the 
solar storage tank must be higher than the top of the  
collectors, so the cool (and heavy) incoming water  
will sink, displacing the water being heated in the collector, 
which rises up into the tank. Most thermosiphon systems  
are open-loop and have no heat exchanger:  The house  
potable water supply runs directly through the  
collectors. The storage tank may be integrated  
with the collectors, or may be a  
stand-alone backup water heater.

Open-loop systems can be 
installed in areas where freezing 
will not occur. In places where 
occasional freezing is possible, 
a cold-temperature sensor on 
the collector and a pump can 
be used to move heat from the 
tank back into the collector to 
protect it. In colder climates, this 
approach is impractical due to 
the wasted energy.
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A wind assessment is a critical first step before 

beginning a wind installation. At a site with an 

annual average of 10 mph to 12 mph wind speed 

(that’s a lot of wind), a 2.5-kW to 3-kW turbine 

might produce 3,000 kWh to 5,000 kWh per 

year. That is between $400 and $800 worth of 

electricity in most areas; installed, the turbine 

may cost $7,500 to $20,000. (Ask yourself: How 

much of a tower will you need to get it up into 

that windy zone?) Unsubsidized, wind power 

still has a pretty long payback—unless you have 

a lot of wind or very expensive electricity.

Sizing a Solar Hot-Water System
The components of a solar water-heating 
system must be correctly sized. Collector 
area is based on the hot-water demand of 
the particular household. One rule of thumb 
suggests 40 sq. ft. of collector area for the 
first two family members, and 8 sq. ft. to 
14 sq. ft. extra for each additional person in 
the north; less area is needed in the “sun 
belt.” Some installers base the collector 
area on the size of the storage tank, which 
must be adequate for the collector area. 
To keep collectors from overheating and 
damage, use at least 1.5 gal. of storage per 
sq. ft. of collector area, and at least 2 gal. 
per sq. ft. in hot, sunny climates. It’s better 
to have too much storage than too little; not 
only will you reduce overheating, but you’ll 
actually collect more heat.

With any solar water-heating system, 
the best heat transfer takes place when 
the temperature difference is largest, so a 

cold storage tank will accept more Btus 
per hour of sun than a hot one. This is why 
adequate storage is so important, and 
also why it’s difficult to design a system 
to provide much more than half of a fam-
ily’s hot water. If the collectors are sized to 
keep up in the winter when days are short 
and cloudy, the tank will overheat in the 
summer, unless you can dump the excess 
into a swimming pool or other use.

Although it’s difficult (and expensive) to 
size a solar thermal system to meet all or 
even most of a cold-climate space-heating 
load, you can increase the overall effi-
ciency if you tie your solar thermal system 
into a low-temperature radiant-heating 
zone so that any time there is a heating 
load you can use all the available solar 
heat and wring as much as possible from 
the storage.

This 10-kW wind gen-
erator produces over 
6,000 kWh per year. 
In most locations, a 
tower like the 120-ft. 
guyed pole shown 
here is necessary to 
generate power cost 
effectively. 

Wind generators
Small wind generators called turbines are viable 

for utility-connected residential service if you’ve 

got lots of wind and are able to construct a small 

tower. Wind installations are growing rapidly in 

the United States, and a new generation of sim-

plified designs for small turbines has improved 

their reliability and reduced costs. Although it 

seems obvious, it’s worth saying: A wind gen-

erator won’t produce much power unless it is 

in a windy location. Residential wind turbines 

are generally installed on towers because wind 

speeds are much higher at 60 ft. to 100 ft. from 

the ground. I would steer clear of products 

designed for roof mounting because of concerns 

about noise, vibration, and wind availability. 

Wind generators, like PV systems, can be con-

nected to utility lines so any excess power is fed 

back into the grid, subject to the rules estab-

lished in each state.
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A traditional masonry 
fireplace should be con-
sidered for its aesthetic 
value, and not as a heat-
ing source. Because of 
the large amount of air 
needed to burn correctly, 
an open fireplace is often 
a net loss of heat—par-
ticularly if the damper 
is left open overnight (or 
longer), siphoning away 
heated air long after the 
fire dies down.

WHATCAN
GOWRONG

Solid Fuels
In colonial days, most homes were heated with 

fireplaces. Wood was plentiful, and virtually free 

for the taking. Wood is effectively a “renewable” 

energy source,  but wood and other solid-fuel-

burning stoves produce both outdoor and indoor 

air pollution.

Wood stoves
Wood burning isn’t free: it costs money, time, 

or both to bring in a winter’s supply. It’s not 

unusual for a homeowner to install a wood stove, 

use it enthusiastically for a couple of years, and 

abandon it because of the effort and attention. 

Wood burning also produces both toxic and 

environmentally harmful emissions; according 

to the EPA, wood burning is a significant con-

tributor to air pollution in some urban areas. 

Emissions are highest in open fireplaces and 

older wood stoves. Although new stoves have to 

adhere to federal emissions standards, they are 

still a source of particulate emissions.

If you’re thinking of burning wood regularly 

to save money on your fuel bill, buy a new, EPA-

certified model. To ensure it burns as cleanly 

as possible, follow a few simple rules: Only 

burn well-seasoned wood, keep the chimney 

and stove free of creosote (clean at least once a 

year, more with regular use), split the logs fairly 

small, and burn small, hot fires with plenty of air 

supply. I prefer certified stoves without catalytic 

converters; they are cheaper to buy and main-

tain, and probably have lower emissions over 

their lifetime, than catalytic models. Also, I’d 

stay away from outdoor wood boilers; they have 

much lower efficiency and higher emissions than 

modern, certified stoves.

Small hydro
Hydroelectric or hydro power generation is less 

expensive to install than a PV or wind system, 

but because it is so site-dependent, hydro is an 

even smaller niche than wind in the United 

States. Hydroelectric power uses the energy of 

water moving by gravity to generate electricity. 

Unlike large dams and hydro plants, residential 

micro-hydro causes little or no habitat destruc-

tion or water-quality problems. A small hydro 

installation on a good site—at least 20 gal. per 

minute and a 75 ft. drop—can generate 1,000 

to 2,000 kWh per year. For an investment of 

$3,000 to $4,000, this may look slightly better 

than PV, if you have a suitable site.

Solar Pool Heating
Solar pool heaters are relatively simple, inexpensive, and widely 
used. Collectors are less expensive and more efficient than domestic 
water-heating units. Because pool temperatures are much lower, heat-
exchanger efficiency is higher. Solar pool collectors may be unglazed 
rubber or plastic; they heat the pool water directly using the pool’s circu-
lating pump. The pool acts like a drainback tank, so they need no freeze 
protection or separate storage tanks.

Solar pool heating is a mature industry; installed systems cost less 
than solar domestic water heaters ($2,000 to $4,000), and generate 
many more Btus per season. Combined with the relatively high cost of 
heating such a large volume of water using fossil fuels or electricity, pay-
backs are typically much faster than solar hot water—roughly 2 to 7 years. 
To maximize the benefit, it’s important to cover the pool when not in use.

When installing a wood stove, care-
fully follow manufacturer’s instruc-
tions and local codes regarding 
clearances to combustible floors and 
walls, as well as chimney connection. 
It’s a good idea to have it inspected 
prior to use.

S A F E T Y  F I R S T
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Pellet stoves

An increasingly popular alternative is the pellet 

stove, which has several advantages over standard 

wood stoves. For one thing, they are cleaner, 

although delivered-heat efficiency is comparable 

to EPA-rated solid-wood stoves. Another advan-

tage is that a pellet stove requires far less active 

involvement to operate. Most models have a 

hopper to feed pellets into the fire and a thermo-

stat to manage the heat output, so they can run 

on “automatic” if filled a couple of times a day. 

Fuel pellets are made of “recycled” wood (typi-

cally mill waste) or other plant material, and are 

relatively clean and convenient to handle when 

compared with solid wood.

Pellet stoves do require an electrical supply to 

function; this electric power is an added operat-

ing cost. This means pellet stoves are not a good 

Some “Renewable” Technologies 
Are Not So Renewable
There is a lot of greenwashing out there, 
but there are also some legitimate products 
that tend to be oversold. One example is 
ground-source or “geothermal” heat pumps 
(see pp. 125–126), often marketed as 
“renewable” technology. Although the heat 
it extracts from the ground is free, a GSHP 
still needs electricity to operate, and the net 
environmental and operating cost is similar 
to that of high-efficiency natural gas heat-
ing. Any high-efficiency heat pump (includ-
ing the much less expensive, inverter-drive 
mini-split) is cheaper to run and produces 
fewer emissions than fuel oil, LP gas, or 
electric-resistance heat, but that does not 
make it renewable.

Another new technology, residential-
scale “micro combined heat and power,” or 

micro CHP, is easily confused with renew-
able energy. Whether it uses an engine-
driven generator or a fuel-cell, a micro-CHP 
system is not renewable; it still runs on 
fossil fuel. A micro-CHP is essentially an 
expensive heating system that also gener-
ates electricity when it runs. Although more 
efficient at generating electricity than the 
grid, the electricity still isn’t free, especially 
when you consider the high initial cost.

For a single-family home, I’d rather spend 
money on increased building efficiency, PV, 
a supplemental mini-split heat pump, or a 
solar pool heater. In most cases, you’ll get 
more savings and environmental benefits 
for less investment than you would from a 
GSHP or micro-CHP system.

A glass front provides a cozy view of the fire 
with the efficiency of a modern wood stove.

In order to get the most
efficiency and lowest 
emissions from any 
wood stove, it’s best 
to burn small, hot fires 
rather than slow, 
smoldering fires.

PROTIP

backup heat source during an extended power 

outage. Some models have a battery backup, but 

the operating time is measured in hours rather 

than days.
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Resources

Books
Brower, Michael, and Warren Leon. 
The Consumer’s Guide to Effective 
Environmental Choices: Practical 
Advice from the Union of Concerned 
Scientists. Three Rivers Press, 
Random House, 1999.

Goldstein, David. Invisible Energy: 
Strategies to Rescue the Economy 
and Save the Planet. 
Bay Tree Publishing, 2010.

Harley, Bruce. Cut Your Energy Bills 
Now.  The Taunton Press, 2008.

Krigger, John, and Chris Dorsi. 
Residential Energy: Cost Savings 
and Comfort for Existing Buildings. 
Prentice Hall, 2009.

Lane, Tom. Solar Hot Water Systems: 
Lessons Learned 1977 to Today.
Energy Conservation Services, 2004.

Lstiburek, Joseph. Builder Guides 
(several climate-specific versions); 
Water Management Guide, Ventilation 
Guide, and Insulation Guide. 
www.buildingsciencepress.com or 
www.eeba.org/bookstore.

Comparison-
shopping 
information for 
efficient appliances, 
electronics, or 
equipment
Air Conditioning, Heating and 
Refrigeration Institute
www.ahridirectory.org
A searchable database of heating, 
air-conditioning, and water-heating 
equipment efficiency ratings

Consortium for Energy 
Efficiency
www.cee1.org
Lists very efficient appliances 
that generally exceed Energy 
Star specifications. Click under 
“RESIDENTIAL” for consumer 
electronics, home appliances, HVAC, 
and lighting

Duct-sealing
Aeroseal automated duct-
sealing system
www.aeroseal.com
Licensed contractors in more than 
30 states

Ductless split heat 
pumps
Daikin® AC
www.daikinac.com

Fujitsu®

www.fujitsugeneral.com/products

Mitsubishi®
www.mitsubishicomfort.com

Sanyo®

www.us.sanyo.com/HVAC

Electric monitors
Kill A Watt, Kill A Watt EZ
www.p3international.com/products/

PowerCost Monitor
www.bluelineinnovations.com

The Energy Detective
www.theenergydetective.com

Watts Up? Energy Meters
www.wattsupmeters.com/secure/
products.php?pn=0

Energy efficiency, 
green building, deep 
retrofit, transition 
to low-carbon 
economy
Affordable Comfort
www.affordablecomfort.org
Nonprofit promoting home 
performance and efficiency

Alliance to Save Energy
www.livingefficiently.org

American Council for an 
Energy-Efficient Economy
www.aceee.org/consumer
General and comparison-shopping 
information

This section is intended to help you access additional information about energy-efficiency ideas, 

designs, and products. It is a representative sample rather than an exhaustive list of all possible 

resources within each category; a listing here should not be considered an endorsement of products 

or third-party content by either the author or The Taunton Press.
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Architecture 2030
www.Architecture2030.org
Promoting building efficiency

Building Green and 
Environmental Building News
www.buildinggreen.com

Building Science Corporation
www.buildingscience.com
Offers high-quality building science 
and construction information

Department of Energy Office 
of Energy Efficiency and 
Renewable Energy
www.eere.energy.gov

Energy Star
www.energystar.gov
Links for products, home 
improvement, and new homes

Fine Homebuilding Magazine
www.finehomebuilding.com

Green Building Advisor
www.greenbuildingadvisor.com

Home Energy Magazine
www.homeenergy.org

Oklahoma State Energy Office
www.bestofbuildingscience.com/
videos.html
Building science videos

ReGreen
www.regreenprogram.org
Guidelines and educational resources 
applicable to remodeling projects 
from the U.S. Green Building Council 
and the American Society of Interior 
Designers

Rocky Mountain Institute
www.rmi.org
Resource for technology, energy 
policy, and advocacy

The Thousand Home 
Challenge (project of 
Affordable Comfort)
www.thousandhomechallenge.com

www.350.org
Promoting solutions to climate change

Thriving on Low Carbon  
(Marc Rosenbaum)
blog.energysmiths.com

Transition Towns
www.transitionnetwork.org

U.S. Department of Energy
www.energysavers.gov/your_home
Home energy information

Energy self-
assessments
My Energy
www.myenergy.com
Track your utility use over time

U.S. Department of Energy/
Lawrence Berkeley National 
Laboratory
www.hes.lbl.gov
Home energy saver

U.S. Environmental Protection 
Agency
www.energystar.gov
Click on “Assess Your Home” under 
“Home Improvement”

Find certified 
professionals
Air Conditioning Contractors 
of America
www.acca.org/consumer
HVAC membership organization

Building Performance 
Institute
www.bpi.org
Find certified building analysts and 
other home-performance professionals

North American Technician 
Excellence
www.hvacradvice.com
Third-party certification for HVAC 
contractors

Residential Energy Services 
Network
www.resnet.us
Find certified Home Energy Raters

General “green 
living” information
Consumer Reports®

www.greenerchoices.org
Offers comparison-shopping 
information in some categories

Environmental Defense Fund
www.fightglobalwarming.com

Gwendolyn Bounds
www.pureshelter.com 

National Geographic®

www.thegreenguide.com

Natural Resources Defense 
Council
www.nrdc.org/living

U.S. Green Building Council
www.greenhomeguide.org

Green/renewable 
power and carbon 
offset information
Clean Air–Cool Planet
www.cleanair-coolplanet.org

Green-e
www.green-e.org
Search for renewable energy and 
carbon offsets by state and type

Heat pump water 
heaters
AirTap® system
www.airgenerate.com

Nyle Systems Geyser™
www.nyle.com/water-heating

High-efficiency 
water heaters and 
solar water-heating 
tanks
American Water Heaters
www.americanwaterheater.com

AO Smith® Corporation
www.aosmith.com

Bradford White® Corporation
www.bradfordwhite.com

r e s o u r c e s
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Heat Transfer Products (HTP®)
www.htproducts.com
Boilers and water heaters

Marathon®
www.marathonheaters.com
Electric-resistance water heaters

Rheem
www.rheem.com

Hot-water demand/
recirculation 
systems
Advanced Conservation 
Technology
www.gothotwater.com
D’MAND hot-water pumping system 
(also available through Taco®, 
Uponar®, and Grundfos® distributers)

Laing Thermotech, Inc.
www.lainginc.com
Autocirc® timer system

Household air-
quality and healthy 
remodeling 
resources
Business Science Corporation
www.buildingscience.com
“Read This” booklets and “Everything 
you need to know about mold”

Delta-FL
www.cosella-dorken.com
Warm & Dry Floor System for 
basement and on-grade slabs

National Center for Healthy 
Housing
www.centerforhealthyhousing.org

U.S. Environmental Protection 
Agency
www.epa.gov/iaq
Links for asthma, mold, lead, radon, 
and other categories

HVAC equipment
Aquatherm®
www.firstco.com
Hydro-air handlers

Duro Dyne Corporation
www.durodyne.com
High-quality duct dampers, HVAC 
supplies

Spacepak
www.spacepak.com
Compact high-velocity HVAC and 
ductwork
See also “Ductless Split Heat Pumps” 
on p. 224

Insulation
Dow Thermax
www.building.dow.com/na/en/
products/insulation/index.htm
Rigid foam rated for exposed service

Cellulose Installation 
Manufacturers Association
www.cellulose.org/members_
producer.html
Manufacturer links can provide 
contractor referrals

North American Insulation 
Manufacturers Association
www.naima.org

Spray Polyurethane Foam 
Alliance
www.sprayfoam.org

Lighting design 
resources
Integrated Building and 
Construction Solutions
www.ibacos.com/high-performance-
lighting-guide

Rensselaer Polytechnic 
Institute
www.lrc.rpi.edu/researchAreas/
residential.asp
Lighting Research Center

Low-e storm window 
manufacturers
Allied Window Inc.
www.alliedwindow.com

Cityproof®
www.cityproof.com

Harvey® Industries Inc.
www.harveybp.com

Innerglass® Window Systems
www.stormwindows.com

Pool pump sizing 
information
Department of Energy 
www.eere.energy.gov/consumer/
your_home/water_heating/index.cfm/
mytopic=13290 U.S.

Discount Pool and Spa 
Supplies
www.discount-pool-supplies.com/
pump-sizing-guide.php
“Notes on Pool/Spa Sizing”

Pool Plaza
www.poolplaza.com/pool-pump-
sizing-2.shtml
“Pump Sizing”

Solar and 
alternative energy
Alternative Energy Store
www.altenergystore.com
Information and retail sales

American Wind Energy 
Association
www.awea.org

Find Solar
www.findsolar.com
Solar PV and hot-water-system 
estimators and links to local installers

Florida Solar Energy Center
www.fsec.ucf.edu/en/consumer/
solar_hot_water/index.htm
Information on solar thermal collectors 
and pool heaters

Home Power Magazine
www.homepower.com
Information for grid-connected and 
remote solar, wind, and micro-hydro 
systems

National Renewable Energy 
Laboratory
www.nrel.gov/rredc/pvwatts
Solar electric calculator
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Real Goods®

www.realgoods.com
Solar and alternative energy products

Solar Rating and Certification 
Corporation
www.solar-rating.org
Ratings of solar water heating and 
pool heating collectors and systems

Solar-control 
window films

CPFilms Inc.®
www.cpfilms.com/windowfilms.html

3M
www.3m.com/windowfilm

Tax credits and 
other incentives
Database of State Incentives 
for Renewables & Efficiency
www.dsireusa.org
A comprehensive directory of federal, 
state, and utility programs by state, 
including loans, tax incentives, grants, 
rebates, and technical services. 
Choose your state and select  
“See Homeowner Incentive 
Summaries Only.”

The Tax Incentives Assistance 
Project on federal tax credits
www.energytaxincentives.org/
consumers
Also check the websites of your state 
energy office and your local electric 
and gas utility companies.

Ventilation 
equipment
FanCycler®
www.fancycler.com
Information on residential ventilation 
using air handler and controls

Fantech ventilation fans and 
systems
www.residential.fantech.net

Tamarack Technologies
www.tamtech.com
Whole-house fans and ventilation 
equipment

Window restoration/
efficiency upgrade 
system
Bi-Glass System
www.bi-glass.com

Venmar® ventilation 
equipment and controls
www.venmar.ca/en/Home.aspx

Weatherization and 
ventilation supplies
AM Conservation Group
www.amconservationgroup.com
Water-saving and weatherization 
supplies

Energy Federation 
Incorporated
www.efi.org/store
Efficient lighting, air- and duct-sealing, 
weatherization supplies, ventilation 
equipment, energy monitors, and 
controls

J&R Products
www.jrproductsinc.com
Insulation machines, accessories, 
sealants

Positive Energy Conservation 
Products
www.positive-energy.com
Lighting, ventilation, air-sealing

Resource Conservation 
Technology
www.conservationtechnology.com
Efficient building supplies

Shelter Companies
www.sheltersupply.com
Efficient building supplies and 
ventilation equipment

Weatherization 
assistance: Federal, 
state, and utility 
assistance for 
income-qualified 
consumers
National Energy Assistance 
Referral service
www.liheap.ncat.org/referral.htm
866-674-6327

U.S. Department of Energy
www.eere.energy.gov/wip/project_
map
Directory of weatherization agencies
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A
Air conditioning

central, diagram of, 139
coils, 146, 147
cooling basics, 138–39
cooling loads, 107, 138, 140–46
drain pans, 140
duct insulation and sealing, 145, 

146
ductless mini-split air conditioners, 

150
economizer cycle, 141–42
efficiency of, SEER ratings and, 

149, 151
filters, 146, 147
high-velocity duct system, 150
how it works, 138–39
maintenance and upgrades, 146–48
moisture control and, 20
new systems, buying, 148–51
refrigerant charge, 147–48
renovations and, 192–93
sizing a system, 149–51
solar gain and, 10, 143–45
window- or wall-mounted, 150

Airflow and air movement
air conditioning (see Air 

conditioning)
air leaks, sources of, 24
air quality and air-leakage, 

relationship of, 21–22
exhaust fans (see Exhaust fans)
flow hood for measuring, 57
fuel-burning appliances and, 116
furnaces, low airflow and, 117–20
houses that “breathe,” 15–16, 

21–22, 52–53 (see also 
Moisture control)

humidity and, 23
makeup air, 10
mechanical ventilation systems (see 

Mechanical ventilation 
systems)

return ducts, 113–14, 115, 116, 118
See also Ventilation

Air-leak sealing
air barriers and, 21
in attics (see Attic air-sealing)
in basements, 41–45
blower-door testing, 43
of bypasses, 30
caulk used for, 47

in crawlspaces, 45–47
in ducts and ductwork (see Ducts 

and ductwork)
house and garage, between, 41
importance of, 6, 29
leaks at the top of the house, 16
moisture control and, 17, 20 (see 

also Moisture control)
priorities for, 30
renovations, during, 177–78
sidewalls, 47–48

Appliances
central vacuum systems, 8
clothes dryers, 202–3
clothes washers, 156, 202–3
combustion, 8, 43
computers, 200
dishwashers, 156–57, 203–4
electricity usage by types of, 198
electronics, 196, 199–200
energy usage, reducing, 201–2
freezers, 197, 202
plug loads, 196
refrigerators, 197, 202
smart shopping for new, 204
standards set for, 204
standby/phantom loads, 138, 197, 

199–200
TVs (televisions), 199
venting combustion, 24

Attic air-sealing
acoustic tile ceilings, 40
bypasses, 30, 36
Cape-style kneewalls, 35–37
detailed diagram of, 33
fixes for large openings, 36
gambrel and mansard roofs, 40, 41
hatches, 49
hidden attic spaces, 38–39
importance of, 30, 31–32
partition-wall top plates, 32, 34
pipe and wiring holes, 40
pull-down stairs, 48
recessed lighting, 37–38
suspended ceilings, 39
through-framing, 34–35
tongue-and-groove ceilings, 39–40

Attics
air barriers and the thermal 

boundary, 14
cathedralized, 78–79, 178
fans, 65
floored areas, 71

insulation for, 64–67 (see also 
Cellulose insulation; 
Fiberglass insulation)

radiant barriers, 144–45
storage areas, 71–72
venting, 21, 22, 64, 65–66

B
Basements

air barriers and the thermal 
boundary, 14

air-sealing in, 41–45
bulkhead doors, 42
damp, 16, 18
finish materials to use in, 90
slab-on-grade, 47
See also Foundations; Slab floors

Bathrooms, ventilation of, 53, 55–56, 
58

Boilers, hot-water and steam
condensing modulating, 129
controls and upgrades, 129–30
diagram of, 130
flame-retention burners, 130
maintenance, 128–29, 132
outside reset control, 129
pipe insulation, 131
radiant-floor heating, 129
steam, 130–32, 133
timed-cycle controllers, 131
vent dampers, 128
water temperature, 129

Building codes
attic venting, 66
bathroom and kitchen ventilation, 

53
crawlspace vents, 46
energy efficiency, 17
fire prevention, 45, 178, 182
fuel-burning appliances, 116
ignition barriers, 47
photovoltaic (PV) systems, 214
replacement windows, 97
sizing air conditioners, 151
solar hardware and collector 

placement, 218
sprayed foam insulation, 79
water heater installation, 168
wind systems, 220
wiring ventilation systems, 53
wood stoves, 222

INDEX
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C
Cathedral ceilings

air-leak sealing, 34, 40
dense-packing tops of partition 

walls, 84, 85
insulating, 72–79
venting, 22

Caulk and caulking, 32, 42, 47, 178
Ceilings

acoustic tile, 40
attic air-sealing and, 34
insulating sloped, 72–78
as thermal boundary, 12
tongue-and-groove, 39–40

Cellulose insulation
air movement and, 14
blowing, 69–71, 86–88, 179, 

180–81
damp-spray, 184
dense-packed, 72–78, 87–88, 181
estimating amount needed, 66
for exterior walls, 81
open-blown and dense-packed, 

distinction between, 72
Chimneys

air-sealing and, 37, 45, 74–75, 182
attic insulation and, 67, 70
retrofitting, 132

Condensation, 18–19, 89, 174, 187
Crawlspaces, 22, 45–47, 49

D
Dehumidifiers and dehumidification, 

23, 139, 146, 150
Doors, 48–49, 190
Ducts and ductwork

duct testers, 115
grilles, 118
heat transfer and, 9
high-velocity duct system, 150
insulation, 115
returns, 113–14, 115, 116, 118
sealing, 112–15, 120, 145, 146
supplies for sealing, 113
undersized or restricted, 120
for ventilation systems, 54

E
Electricity

consumption, measurement of, 197, 
199

household consumption of, 196
load-control devices, 201
meters, accuracy of, 196
monitoring usage, devices for, 197, 

198, 200, 201
net metering, 212
plug loads, 196
solar (see Photovoltaics [PVs])
usage, 196–97, 198, 199
whole-house monitors, 199

Electric-resistance heat, 122, 123, 
127–28

Electronics, 196, 199–200
Energy

basics, 5
consumption by electronics, 

appliances, and lighting, 195, 
196 (see also Appliances)

costs and benefits, weighing, 25–27
expenditures on, sources of, 94
heat transfer, 6–10
household use of, 7, 196
moisture and, 15–21 (see also 

Moisture control)
reduce needs before investing in 

renewables, 176
renewable or alternative (see 

Renewable/alternative 
energy)

saving, 2
the thermal boundary, 10–14
windows, 94–97 (see also Windows)

Energy assessment/audit/rating, 26, 27
Energy efficiency

cost effectiveness of, 2
deep energy retrofit and, 174–76
energy-moisture relationship and, 

15–16
ground-source heat pumps and, 126
superinsulation retrofit, impact of, 7

Energy Star ratings
air conditioners, 151
appliances, 204
clothes washers, 156, 203
dishwashers, 204
fans, 140
heating equipment, 134
homes, 176
refrigerators, 202, 204
varying efficiency of different 

models, 204
windows, 98, 100

Exhaust fans
attic air-sealing and, 34
bathroom, 53, 55–56, 58
central, 57
heat transfer and, 8–9
installing, 54
moisture control, 19

Exterior walls
air-leak sealing, 47–48
determining what is there, 79–80
estimating insulation needed, 81
insulating from inside, 85
insulating from outside, 79–84
rain-screen walls, detailing, 192
siding, vinyl and aluminum, 80
strategic dense-packing, 84, 85
strategies for high R-value, 188

F
Fans

attic, 65
ceiling, 140–41
energy conservation by using, 

140–41

exhaust (see Exhaust fans)
heat generated by, 139
nameplate sticker, information on, 

52
whole-house, 52, 140, 141

Fiberglass insulation
air movement and, 14, 15, 32
do-it-yourselfers, choice of, 69
high-performance blown-in, 75, 

181, 183
installing, 67–69, 85, 86, 179, 180
used with cellulose insulation, 73, 

77, 83, 86
Fireplaces, 24, 127, 222
Floors

air-sealing, 44–45, 46
cantilevered, 48, 86
insulating, 85–89
slab, 87–90

Foam insulation
canned, 32
continuous, 73–74
insulating foundation walls with, 

89–90, 91
minimum R-values by climate 

zone, 75
polyurethane, 78–79
protecting from sunlight, 87
renovations, adding during, 184–85
rigid, 181–82
rigid and sprayed, distinction 

between, 73
sprayed, 182–83
termite-prone areas, avoiding in, 88

Foundations
condition of, 88
heat loss from walls, 88, 90
insulating walls, 89–91
retrofits for, 91
sloped, air-sealing of, 41

Furnaces
in the attic, insulation and, 78
combustion air openings and air-

sealing, 35
control settings, 119, 120–21
gas-fired hot-air, 118
heat transfer and, 8–9, 10
low airflow, 117–20
regular maintenance, 117, 119
temperature rise test for, 118–19

H
Heating systems

air-source heat pump, diagram of, 
123

boilers, hot-water and steam (see 
Boilers, hot-water and 
steam)

combustion air and platform 
returns, 116

contractors, choosing, 134–35
ducts and ductwork (see Ducts and 

ductwork)
efficiency of, 110, 111, 133–34
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electric-resistance heat, 123, 127–28
fin-tube baseboard, 111
hydro-air, 135, 166
radiant-floor, 129, 192
renovations and, 192–93
sealed combustion, 116, 120
size of, 134
solar (see Solar thermal systems)
system balancing, 111
thermostats (see Thermostats)
unvented heaters, dangers of, 24
upgrading or replacing, 133–35
for water (see Water heaters)
zoning distribution systems, 132

Heat pumps
airflow, sensitivity to, 122
air-source, diagram of, 123
combined space- and water-

heating, 171
defrost-cycle timer, adjusting, 122
ductless, 124
ground-source (GSHPs), 125–26, 

223
operating efficiency and resistance 

heating, 122
outdoor unit, air circulation around, 

124
refrigerant charge for, 123, 124
regular servicing of, 124–25
variable speed ductless, 128
water heaters (HPWHs), 166, 

170–71
Hot water

conserving, 154–57
drain-water heat-recovery system, 

166
faucet aerators, 156
health and safety concerns, 159
heat pump, combined space- and 

water-heating, 171
household demand for, 167
low-flow showerheads, 154–55, 156
solar generated (see Solar thermal 

systems)
water heaters (see Water heaters)

Housewrap, 21, 174, 186, 189, 191
Humidity, 23, 27, 61. See also 

Dehumidifiers and 
dehumidification

Hydro-air systems, 135, 166
Hydroelectric power, 222


Indoor air quality

air-leakage control, 21–22
dust mites and molds, 27
minimizing pollutants, 24–25
source reduction, priority of, 54, 56
sources of pollutants, 24
steps to ensure good, 20
ventilation, 23–25, 53

Insulation, 63
air barriers and, 14
air movement and, 14, 15

attic (see Attics)
cellulose (see Cellulose insulation)
ducts, 115, 146
exterior walls (see Exterior walls)
fiberglass (see Fiberglass insulation)
foundation walls, 89–91
hazards of older, 68
hot water pipes, insulation of, 

161–62, 163
installation defects and performance 

of, 180
kraft-faced batts, installing, 85
moveable for windows, 105
in older homes, 79
pipe, 131
renovations and, 179–88
rigid vs. cavity, 185
R-values of insulation materials, 65
superinsulation retrofit, impact of, 7
thermal, 7
the thermal boundary and, 13
water heaters, 160–61

K
Kitchens, 53, 58, 128

L
Lighting

color temperature, 207
compact fluorescent (CFL) lamps, 

205, 207, 208–9
controls for, 204
dimmer switches, 208
efficiency, 204, 205
efficient fixtures, 208–9
light emitting diode (LED) lamps, 

205, 206, 207, 209
lumens, 208
plug loads and, 196
recessed, attic air-sealing and, 

37–38, 78
wattage equivalents of incandescent 

and CFL or LED bulbs, 205

M
Mechanical ventilation systems

advantages of, 53
airflow, balancing, 57
bath-fan, 55–56
central, 58–60
central-exhaust/supply-only, 59–60
components and functions of, 23
controls for, 56–57
cost savings, potential, 59
ductwork for, 54
heat- or energy-recovery, 60–61
heat transfer and, 8–9, 10
initial setting of, 55, 57
makeup air, lack of control over, 56
moisture control and, 17
options for, 51
reasons for, 52
return-air, 57–58, 58, 59
simple, 54–55

toxins in the air, minimizing, 24–25
whole-house, 53–54, 55
See also Air conditioning; Fans; 

Heating systems
Moisture control

air conditioning and, 146
drainage planes, 189, 191
energy basics and, 15–21
foundation retrofits and, 91
leaks vs. water vapor damage, 17
primary strategies for, 17
rain screens, 191, 192
renovations and exterior, 189, 190, 

191
See also Ventilation

P
Photovoltaics (PVs), 212–15

R
Radiant-floor heating, 129, 192
Rain screens, 191, 192
Renewable/alternative energy

hydroelectric power, 222
solar (see Photovoltaics [PVs];

Solar thermal systems)
solar pool heaters, 222
solid fuels: wood and pellets, 

222–23
wind generators, 220, 221

Renovations
air-sealing, 177–78
the big picture, 174
certification programs, 176
deep energy retrofits, 174–76
financing, 174
heating and cooling strategy, 193
insulating, 179–88
mechanical systems, 192–93
moisture control, 189, 190, 191
performance targets, 176
rain screens, 191, 192
ventilation, plan for, 193
window and door openings, 

preparing, 190
Roofs

gambrel and mansard, 40, 41
reflectivity and solar gain, 142, 

143–45
types of, performance and 

reflectivity from, 144
ventilation and shingle warranties, 

73
venting/unvented, 22, 181–82

S
Safety

air conditioners, 147
asbestos and lead-based paint, 82, 

132
in attics, 33, 35, 37
blowing cellulose insulation, 68
canned foam, 32
CFL or LED lamps, 206, 209
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changes to a house, issues raised 
by, 19

drilling holes, avoiding pipes or 
wires when, 86

furnace control settings, 119
ladders, use of, 84
radon, testing for, 43
recessed lighting, requirements for, 

38
respirators, use of, 33, 66, 68
unvented heaters and fireplaces, 127
water heaters, 158, 161
window replacement, 102

Slab floors, 87–90
Slab-on-grade foundations, 47
Solar control screens, 141, 143
Solar gain, 10, 142, 143–45
Solar heat gain coefficient (SHGC), 

98–100
Solar thermal systems

active solar space heating, 216–17
cheap solar “collectors,” be wary 

of, 216
closed-loop solar water heater, 

diagram of, 218
hot water produced by, calculation 

of, 219
installation of, contractor vs. do-it-

yourselfer for, 219–20
passive or active approaches to, 215
passive-solar homes, south facing 

glass and, 217
photovoltaics (PVs) vs. solar hot 

water, 217
pool heaters, 222
radiant-floor heating and, 192
shade, problem posed by, 219
sizing a solar hot-water system, 221
solar hot water, basics of, 217–19
sun rooms and solar greenhouses, 

215–16
thermosiphon hot-water system, 

220

T
Thermal boundary, 10–14, 22, 177, 178
Thermostats

the anticipator, 121
automatic, 110, 140
hot water heaters, 160
individual-room, 127
outdoor cutout, 122
saving energy with, 110

V
Vapor barriers, 67, 177–78
Vapor diffusion, 19, 21
Vapor retarders, 20–21, 22, 46
Ventilation

of attics, 21, 22, 64, 65–66
in hot, humid climates, 52
indicators of poor, 53
insulation of cathedral- or flat-roof 

ceiling space and, 73–76
moisture control, 19 (see also 

Moisture control)
passive, 22
reasons for, 52
renovations and, 193
roof, shingle warranties and, 73
spot, 23
systems, 51 (see also Mechanical 

ventilation systems)
windows and, 106, 107

W
Walls, exterior. See Exterior walls
Water heaters

anode rod, replacing, 161, 163
capacity of, 167
circulating loops and demand 

controls, 164
components of a conventional 

electric, 159
components of a conventional gas, 

158
condensing, 165–66
contractors vs. do-it-yourself when 

replacing, 170
cost considerations, 169, 170
electric on-demand, 165
energy factor (EF) rating, 164, 165
Energy Guide label, 165
heat pump, 166, 170–71
high-efficiency, 193
hydrocoil, use of, 122
indirect-fired tank, 168, 169
insulation of, 160–61
maintenance and efficiency 

upgrades for, 157–64
on-demand, 166, 168
pipes, 161–62, 163
replacing, 156, 157, 164–71
safety considerations, 158, 159, 161
solar, 165
tankless coils, 161
tank-type, 165–66
timer to offset standby losses, myth 

of, 160
types of, 157–58, 165
water temperature, 157, 158, 

159–60
See also Hot water

Water vapor
air leaks, 20–21, 41
reducing, 19–20
sources of, 18–19, 20, 21

Weatherstripping
bulkhead basement doors, 42
doors and hatches, 48–49
quality of, 48
windows, 103, 104

Windows
advanced, 96–97
climate and the decision to replace, 

98

costs and benefits from replacing, 
94–95

drafty, 102
edge seals, 97
energy basics for, 94–97
energy costs, contribution to, 94
Energy Star ratings, 98, 100
high efficiency, anatomy of, 97
improving existing, 103–7
low-e coatings and gas fills, 95–96, 

97, 101, 105–6
moveable insulation for, 105
National Fenestration Rating 

Council (NFRC) label, 99
opening for, preparing a, 190
replacing, 98–103
RESFEN software and, 100
restoring original wood, 104
south-facing, benefits of, 98, 99
storm, 105–6, 107
tilt-out sashes, 98, 99
types of, 95
ventilation for, 106, 107
weatherstripping, 103, 104
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